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(57) ABSTRACT

An optical-fiber-spliced portion reinforcing heating device
of the invention includes: a pair of clamps that respectively
grasp a coated portion of an optical fiber, the optical fiber
including a fusion-spliced portion, the fusion-spliced portion
being coated with a sleeve, the coated portion being exposed
from the sleeve; at least two or more heaters that are
arranged to face each other so as to sandwich the sleeve; a
first force-applying member that presses at least one of the
paired clamps so as to apply a tension to the optical fiber;
and a second force-applying member that applies a pressing
force to at least one or more of the heaters via the sleeve by
use of one of an elastic member and a magnetic member in
accordance with control of a drive source, the heaters being
arranged to face each other with the sleeve interposed
therebetween.
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OPTICAL-FIBER-SPLICED PORTION
REINFORCING HEATING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a divisional application of U.S. Ser. No. 14/600,
731 filed Jan. 20, 20135, 1ssued as U.S. Pat. No. 9,274,281
B2, which 1s a Continuation of PCT Patent Application No.
PCT/1P2014/058371, filed Mar. 25, 2014, whose priority 1s
claimed on Japanese Patent Application No. 2013-063014
filed on Mar. 25, 2013, the contents of which are hereby

incorporated by reference.

BACKGROUND OF THE INVENTION

The present mvention relates to an optical-fiber-spliced
portion remnforcing heating device.

DESCRIPTION OF THE RELATED ART

Generally, when optical fibers are fusion-spliced, the
tollowing work sequence 1s carried out.

(1) An optical fiber 1s extracted from an optical fiber cable.
(2) A resin coating (Iront end) that coats the extracted optical
fiber 1s removed by a removing tool of an optical fiber
coating.

(3) After the coating 1s removed from the front end, scraps
of the resin coating remain on a surface of a glass (bare
optical fiber) of the optical fiber, and the scraps are removed
by a cloth or a paper moistened with alcohol.

(4) The clean optical fiber 1s cut by an optical fiber cutter.
(5) The cut optical fibers are fusion-spliced by an optical
fiber fusion splicer.

(6) The post-fusion-spliced optical fiber 1s covered with a
heat-shrinkable reinforcement sleeve and 1s heat-remforced
by a heater of a fusion splicer.

(7) The heat-reinforced optical fiber 1s accommodated 1n a
storage tray of a spliced portion storage case.

In the above-described step (6), the outer side of the
sleeve used to reinforce the optical fiber spliced portion 1s
formed of a heat shrinkable tube, a hot melt disposed 1nside
thereot 1s molded at the circumierence of the optical fiber,
and the spliced portion 1s thereby protected.

The sleeve formed by the outer heat shrinkable tube and
the mner hot melt 1s heat-shrinkable depending on various
coating diameters of the optical fiber.

Additionally, as a result of heat-shrinking the sleeve at
substantially the center 1n the longitudinal direction thereof
at first, the sleeve 1s molded while extruding air inside the
sleeve from the sleeve center to the outside thereof.

The optical fiber spliced portion that 1s reinforced by the
above-described sleeve also has a function of blocking an
external substance such as moisture which adversely afiects
an optical fiber.

Between the outer heat shrinkable tube and the 1nner hot
melt, a stainless-steel tensile strength member 1s serted
into the sleeve 1n advance 1n the case of a single-core optical
fiber and a glass tensile strength member 1s inserted nto the
sleeve 1n advance 1n the case of a multi-core ribbon, and a
structure that resists bending or tension 1s thereby realized.

Moreover, shrinking can be carried out at high speed such
as approximately 30 seconds by use of an optical-fiber-
spliced portion reinforcing heating device which 1s conven-
tionally mounted on an optical fiber fusion splicer.

In order to heat-shrink a sleeve, 1n recent years, polyimide
film heaters are used which are adhesively attached to a
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2

metal sheet and serve as a heater provided on an optical-
fiber-spliced portion reinforcing heating device (hereinbe-
low, may be referred to as a reinforcing heating device); and
a heater 1s proposed as an example having single flat sheet
heater into which two or more heaters circuit patterns are
implanted (for example, refer to Japanese Patent No.
3293594, heremnafter referred to as Patent Document 1 and
refer to Japanese Unexamined Patent Application, First

Publication No. 2010-249887, hereinafter referred to as

Patent Document 2).

As mentioned above, generally, a plurality of heater
circuit patterns are implanted into a flat sheet heater.

Furthermore, a technique of working and heating a flat
sheet heater 1n a U-shape 1s also proposed (for example,
refer to Japanese Patent No. 4165375, heremnafter referred to
as Patent Document 3).

Furthermore, generally, 1in order to prevent a sleeve from
being positionally displaced from an optical fiber spliced
portion when tension 1s applied to an optical fiber from the
outside before heat shrinking of the sleeve, a clamp 1is
provided at a reinforcing heating device.

As such clamp, a clamp provided with a tension applying
mechanism 1s known, and by using this, an optical fiber 1s
prevented from going slack in the sleeve.

If the sleeve shrinks 1n a state 1n which the optical fiber
has a slack, stress remains i1n the optical fiber inside the
sleeve, there 1s a concern that the long-term reliability of the
optical fiber 1s degraded; particularly, 1n the reinforcing
heating device that reinforces a ribbon by heating, the clamp
1s an essential and necessary configuration to prevent
arrayed bare optical fibers from coming 1n contact with each
other.

If tension 1s not applied to the fiber, the optical fibers
adjacent to each other shrink in a state of being 1n contact
with each other, damaging both optical fibers, and therefore,
the long-term reliability of the optical fiber 1s decreased.

In order to solve the atorementioned problems, a rein-
forcing heating device used for multi-core tape fibers is
proposed, 1n which clamps are arranged at both sides of the
heater 1n the longitudinal direction of the optical fiber, one
of the clamps 1s configured to shidably move in the longi-
tudinal direction of the optical fiber, and a compression coil
spring 1s provided (for example, refer to Japanese Unexam-
ined Patent Application, First Publication No. 2000-321462,
heremnafter referred to as Patent Document 4).

In a constitution of Patent Document 4, a tension 1s
applied to an optical fiber by use of a clamp 1n the sequence
described below.

In a first method, an optical fiber 1s set 1n a state 1n which
right and left clamps are opened, the movable left clamp 1s
only closed, subsequently, the optical fiber 1s pulled 1n the
right direction, and the right clamp 1s closed 1n a state in
which a compression coil spring 1s contracted.

At this time, the shrinkage of the compression coil spring
1s designed to generate optimal tension in the optical fiber at
the position at which the movable left clamp 1s brought into
contact with the right end of the movable range, and the
optimal tension of the compression coil spring i1s always
applied to the optical fiber.

Additionally, in a second method, the left side face of a
movable clamp 1s pressed in the right direction with the
finger 1n a state 1n which right and left clamps are opened.,
shrinkage of a compression coil spring 1s designed to cause
an optical fiber to generate an optimal tension at the position
with which the left clamp 1s brought 1into contact in the right
direction.




US 9,465,167 B2

3

Thereafter, the optical fiber 1s set to the clamp 1n a state
ol being pressed with the finger, the movable left clamp and
the fixed right clamp are closed.

Subsequently, by removing the finger from the movable
left clamp, an optimal tension due to the compression coil
spring 1s always applied to the optical fiber.

However, the method disclosed 1in the above-mentioned
Patent Document 4, in a state after the optical fiber 1s set to
the clamp without slack by pulling it with the finger and the
right and left clamps are closed, a forward movable range
that allows the movable left clamp to further move toward
the heater side does not remain almost, and a backward
movable range 1s only ensured in this state.

In above-described state, in the case of applying an
excessive lateral pressure to the optical fiber, there 1s a
problem i1n that a residual tensile force that causes the
long-term reliability of the optical fiber to be significantly
deteriorated 1s applied to the optical fiber or the optical fiber
1s 1mmediately broken.

Furthermore, instead of the aforementioned compression
coil spring, application of a tension to an optical fiber by
utilizing a magnetic force 1s proposed (refer to, for example,
Japanese Patent No. 3337874, hereinafter referred to as
Patent Document 5).

In FIG. 1 or the like shown 1n Patent Document 3, a right
clamp 1s movable and a left clamp 1s fixed.

The movable clamp 1s generally pressed onto a heater side
by a tension coil spring.

Subsequently, when the optical fiber 1s grasped (clamped)
and the lid of the heater 1s closed, a repulsion force 1is
generated between magnets, and a tension 1s applied to the
optical fiber.

Because of this, complicated steps such as two methods
disclosed 1n Patent Document 4 are not necessary, and the
tension 1s automatically applied to the optical fiber by only
closing the clamp or the lid.

However, in the technique disclosed 1in Patent Document
5, similarly, the optical fiber 1s set to the clamp without slack
by pulling 1t with the finger, a movable range that allows the
movable clamp to further move toward the heater side
hardly remains in a state after the right and left clamps are
closed, and a backward movable range 1s only ensured 1n
this state.

In above-described state, in the case of applying an
excessive lateral pressure to the optical fiber, there 1s a
problem 1n that a residual tensile force that causes the
long-term reliability of the optical fiber to be significantly
deteriorated 1s applied to the optical fiber or the optical fiber
1s immediately broken.

In addition, generally, for a reinforcing heating device
used for a single-core optical fiber, a device that 1s provided
with a mechanism applying tension does not almost exist.

The reason 1s that, adjacent optical fibers are 1n contact
with each other 1n the case of a single-core optical fiber, and
therefore, 1n most cases, 1n order to reduce the cost of the
device, 1t 1s not provided therefor.

That 1s, such mechanism applying tension to an optical
fiber 1s mainly mounted on a reinforcing heating device used
for a multi-core optical fiber.

Here, 1n the case of shrinking the sleeve in a state in which
a tension 1s applied to the optical fiber, a residual tension
remains in the optical fiber.

In the case of a normally-used optical fiber having the
surface which 1s not damaged, a long-term reliability 1s not
degraded under a residual tension of 100 gf or less. Con-
ventionally, it 1s recommended for the residual tension of an
optical fiber to be less than or equal to 100 gf (for example,
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refer to Japanese Unexamined Patent Application, First
Publication No. H10-332979, hereinafter referred to as
Patent Document 6).

However, a fusion-spliced optical fiber may be damaged
due to the work operation therefor. Therefore, 1n the case
where, for example, a tension 1s 200 gif under a rupture
cvaluation test after the optical fibers are spliced, 1t is
recommended to be less than or equal to 30 gf.

Generally, in the case of splicing optical fibers, the
amount of time of fusion-splicing 1s less than or equal to 10
seconds; however, an amount of time of 25 seconds or more
1s required for heat shrinking.

For example, 1t 1s believe to take 40 seconds to connect an
optical fiber to a reinforcing heating device or to remove the
optical fiber therefrom.

Generally, dozens of optical fibers are provided 1in one
optical fiber cable, so, it takes approximately 1 hour to splice
together ninety-six optical fibers (96 {fibersx40 sec-
onds=3840 seconds 1 hour). Thus, 1t takes 1 hour only to
carry out an operation ol heat-reinforcing sleeve 1n order to
splice one cable, and shortening of heat shrinking time 1s
important.

Generally, 1n a device which heat-reinforce an optical
fiber spliced portion, as a result of pressing a sleeve onto a
heater and thereby deforming the sleeve, 1t 1s possible to
shorten the heating time by heating the sleeve 1n a state 1n
which the area of contact between the heater and the sleeve
increases and the heat 1s easily transmitted.

Hitherto, a plurality of techmiques of shortening the heat-
ing time as a result of positively causing the heater to come
into contact with the sleeve are proposed.

Here, 1n the aforementioned Patent Document 6, a method
of pressing a heater onto a sleeve by use of a compression
coil spring and of always maintaining the contact state is
described.

In Patent Document 6, a mechanism 1s provided which
absorbs a tension by use of a compression coil spring when
the tension 1s applied to an optical fiber by pressing by a
heater.

Moreover, 1n this constitution, as a result of providing the
lett slide clamp and the compression coil spring, a tension 1s
applied to an optical fiber so as to prevent occurrence of a
slack thereof 1n a manner similar to a conventional heating
device.

However, 1n the left slide clamp of Patent Document 6,
the backward movable range explained above i1s ensured;
however, a forward movable range 1s not provided.

In the case where an allowable residual tension of an
optical fiber 1s 10 to 100 gf, the total pressing force due to
a heater 1s required to be less than or equal to 10 to 100 gf.

In the case where, for example, a tension 1s 200 gf under
a rupture evaluation test after the optical fibers are spliced,
the allowable tension 1s less than or equal to approximately
30 ¢f, and the pressing force due to a heater 1s required to
be less than or equal to 30 gf.

As will be described later, there 1s a problem in that the
sleeve cannot be sufliciently deformed i 30 gf.

Even 1f, a pressing force of several hundreds of gf 1s
applied to the heater at the side surface thereof, a compres-
sion coil spring that applies a tension of 30 gf thereto 1s
unconscionably and quickly shrunk, a forcible tension of
several hundreds of gif 1s applied to the optical fiber, and
there 1s a problem 1n that the long-term reliability of the
optical fiber after reinforcement 1s degraded.

As a result, in Patent Document 6, 1t 1s not possible to
increase the pressing force of the heater to be greater than
the allowable residual tension of the optical fiber.
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Here, a method of always maintaining the contact
between the heater and the sleeve by causing a hard core
provided 1n the sleeve to be 1n close contact with a magnet

1s proposed (for example, refer to Japanese Unexamined
Patent Application, First Publication No. 2010-217271,

hereinafter referred to as Patent Document 7).

However, 1in the method of Patent Document 7, the hard
core 1nside the sleeve and the heater are attracted to each
other due to the magnet; however, there 1s a problem 1n that,
in the sleeve structure, a pressing force to deform the entire
sleeve by squashing cannot be applied thereto.

For this reason, the contact between the heater and the
sleeve can be maintained; however, the eflect of increasing
the contact area thereof can hardly be obtained.

Furthermore, 1n the case where the hard core 1s made of

glass, 1t does not function.

Additionally, 1n the case of using a permanent magnet,
since the magnet 1s disposed near the heater, there 1s a
problem of degradation 1n magnetic force which 1s due to a
high temperature.

In other case, a constitution 1s proposed which serves as
a device of heat-reinforcing an optical fiber spliced portion,
includes: a means of driving a heater by use of using a motor
or the like; and a means of detecting that the heater moves
forward to a predetermined position, 1.€., a position where
the sleeve 1s shrunk, and 1s configured to retreat after the
heater moves forward to the sleeve position and the heater
reaches a predetermined position (for example, refer to
Japanese Unexamined Patent Application, First Publication
No. 2004-042317, hereinafter referred to as Patent Docu-
ment 8).

According to Patent Document 8, two heaters press the
sleeve, the area of contact between the sleeve and the heater
increases, and 1t 1s possible to speed up the heat shrinking of
the sleeve.

Particularly, the heat conduction efliciency due to the
heater becomes higher, 1t 1s possible to shorten the heat
shrinking time of the sleeve.

According to this system, it 1s possible to sufliciently
deform the sleeve.

The inventor mtensively researched how degree of the
pressing force 1s applied to the sleeve so as to be deformed
in order to shorten the heat shrinking time to be shortest; 1t
1s apparent that the pressing force of 500 gif to press the
sleeve by the heater 1s required when the sleeve 1s heat-
shrunk.

As shown 1n the chart of FIG. 30, as the pressing force of
the sleeve becomes higher, the contact area between the
heater and the sleeve increases, and the shrinking time of the
sleeve becomes short.

FI1G. 30 1s a chart showing a case where a commonly-used
sleeve of 60 mm which 1s used for single core 1s sandwiched
between two heaters and heating 1s carried out at a tempera-
ture of 230° C. of both two heaters where one of the heaters
1s fixed and the other of the heaters 1s movable.

It 1s understood from this chart that, when the pressing
force exceeds 500 gf, the pressing eflect decreases, the
shrinking time of the sleeve 1s not much shorter.

In addition, the aforementioned changing point of
approximately 500 gf varies with the sleeve structure. Par-
ticularly, 1 the case of a commonly-used sleeve of 60 mm
which 1s used for single core, the variation in the shrinking,
time reduces when the pressing force exceeds approximately
500 gf.

However, in the technique disclosed 1in Patent Document
8, there 1s problems described below.
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Firstly, there 1s a first problem due to pressure of the
sleeve by movement control of a heater.

The heater moves forward by a motor through a microm-
eter, 1t 1s necessary for the amount of the forward movement
and the forward velocity thereof to control depending on a
state 1n which a sleeve 1s contracted.

However, various kinds of sleeve are used, the amount of
forward movement and the forward velocity vary depending
on, for example, diflerence 1n the diameter or the material
thereof.

Furthermore, a contractile rate of the sleeve wvaries
depending on an outdoor temperature or a voltage of a
built-in battery.

In addition, 1n the longitudinal direction of the sleeve,
generally, the contractile rate of the center portion thereof 1s
different from that of the outer-edge portion thereof.

Consequently, in the case where the heater excessively
moves forward, an excessive pressure reaches the optical
fiber provided thereinside, and the optical fiber i1s thereby
damaged.

Alternatively, 1f the forward movement of the heater is
delayed, a gap occurs between the heater and the sleeve,
there 1s also a problem 1n that the sleeve 1s not shrunk 1n a
shorter amount of time.

In order to make the pressing force of the heater constant,
it 1s necessary to press the heater onto the sleeve by use of
an elastic member. In the disclosure of Patent Document 8,
a heater 1s pressed onto a sleeve by use of an elastic member
and a cam.

More specifically, Patent Document 8 also discloses the
constitution 1 which the cam 1s disposed between right-
and-left arranged heaters, each heater 1s pressed by the
clastic member such as a spring, and the heater 1s pressed
onto a heat shrinkable sleeve by rotating the cam using a
motor.

Heremnbelow, while pressing two heaters by spring as
described above, a system of driving the heater by the cam
inserted therebetween will be described with reference to
FIG. 32 states (a) to (c).

FIG. 32 state (a) shows a state shortly after a sleeve 312
1s set between two heaters 321 and 322 and belfore heating
1s started.

In the drawing, an optical fiber 311 provided inside the
sleeve 312 1s located on the center line S indicated by a
dashed-dotted line.

Moreover, the position of the optical fiber 311 1s held and
fixed by clamps which are positioned 1n front of and at the
rear side of the heaters 321 and 322 and not shown 1n the
figure.

Subsequently, as shown 1 FIG. 32 state (b), a cam 323
rotates, the two heaters 321 and 322 are pressed onto the
sleeve 312 by forces of compression coil springs 324 and
325, and heating of the heaters 321 and 322 1s thereby
started.

In the drawing, the cam 323 does not come into contact
with movable tables 321 A and 322A, and the sleeve 312 1s
pressed by the forces of the compression coil springs 324
and 325.

At this time, as long as the position of the optical fiber 311
1s located on the center line S indicated by a dashed-dotted
line, an excessive tension 1s not applied to the optical fiber
311.

Next, as 1t 1s 1n this state, the sleeve 312 shrinks, thereafter
being completely shrunk, and heating reinforcement 1s com-
pleted. In this situation, 1f the position of the optical fiber 311
does not displace from the center line S as described above,
an excessive tension 1s not applied to the optical fiber 311.
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However, as a practical matter, the pressing forces of the
right-and-left arranged compression coil springs 324 and
325 1n the drawing are not the same as each other, the sleeve
312 does not stay on the center line S, and 1t 1s diflicult for
the two compression coil springs 324 and 325 to be always
located at the same position while being continuously bal-
anced for a long period of time.

For example, as shown 1n FIG. 32 state (c¢), 1n a general
state, the compression coil springs 324 and 325 are located
near the side of any one thereof due to a diflerence in force
between the compression coil springs.

In the state shown 1n FIG. 32 state (¢), the movable table
321A that 1s disposed at the left side in the drawing 1is
brought into butt-contact with the left-side housing and
stopped.

For this reason, 1in FIG. 32 state (¢), the position of the
optical fiber 311 1s displaced from the center line S; further-
more, since the optical fiber 311 1s fixed by the clamp which
1s not shown 1in the figure, 11 the above-mentioned slight
displacement occurs, the excessive tensions of the compres-
s1on coil springs 324 and 3235 are applied to the optical fiber
311.

In the technique disclosed in Patent Document 8, there 1s
a second problem in that an excessive pressing force is
applied to the optical fiber.

The force of approximately 500 gf by which the sleeve 1s
pressed 1s extremely larger than the tension of approxi-
mately 30 gf which can be applied to the above-described
post-fusion-spliced optical fiber, this force 1s two or more
times the tension of 200 gf under the rupture evaluation test,
and therefore, there 1s a concern that the optical fiber 1s
broken at the moment at which the pressing force 1s applied
thereto.

Even if breaking does not occur, the long-term reliability
of the optical fiber 1s degraded.

In the technique disclosed in Patent Document 8, there 1s
a third problem 1n that a mechanism that applies a tension to
the optical fiber 1s necessary.

In the method of pressing both sides of the sleeve 312 as
described above, before performing the pressing by the
heaters 321 and 322, 1t 1s necessary for the sleeve 312 to be
in the state of being suspended from the optical fiber 311 to
which a tension 1s applied 1n advance.

However, as shown in FI1G. 33 views (a) and (b), 1n a case
where the clamps 326 and 327 grasps the optical fiber 311
in a state 1 which a tension 1s not applied to the optical fiber,
slack of the optical fiber 311 occurs immediately after
clamping, and the position of the sleeve 312 is displaced
downward.

In the foregoing case, as shown 1n FIG. 33 views (a) and
(b), the sleeve 312 1s not pressed at a proper position by the
heaters 321 and 322, there 1s a concern that the work
operation therefor 1s completed 1n a state 1n which shrinkage
1s not completed.

As a countermeasure against this case, 1t 1s thought that
the heaters 321 and 322 are configured to be longer in the
vertical direction thereol in consideration of the case where
the position of the sleeve 312 i1s displaced downward;
however, as the heaters 321 and 322 are larger in size, the
heat capacity thereof increases, and there 1s a problem 1n that
the rate of temperature increase decreases.

As a method of removing such slack of the above-
mentioned optical fiber, 1t 1s required that a fixed tension 1s
applied to a clamp grasping the optical fiber by use of, for
example, an elastic member such as a spring or a magnetic
member such as a magnet.
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That 1s, 1n the two method described 1n the explanation of
the above-described Patent Document 4, the method of

using a magnetic force described 1n Patent Document 3, the
method of Patent Document 6, 1t 1s necessary to apply a
tension to the optical fiber.

In the technique disclosed 1n Patent Document 8, there 1s
a fourth problem due to the size of the device.

By using a micrometer or a screw mechanism as a system
of driving the heater, it 1s possible to provide a pressing force
exceeding 500 gf.

However, since a fusion splicer that splices optical fibers
1s used on above a telegraph pole or 1n a narrow space such
as a narrow manhole and since 1t 1s necessary to splice
optical fibers having even a shorter excess length, a reduc-
tion 1n device size 1s required.

Because of this, 1n the case where two motors and two
micrometers or two screw mechanisms are provided inside
such fusion splicer, the device size increases, and there 1s a
problem 1n that 1t 1s not suitable to a work operation
environment or 1t 1s possible to splice optical fibers having
a shorter excess length.

As a result, a fusion splicer provided with a drive mecha-
nism obtaining the above-mentioned pressing force i1s not
put to practical use.

Even 1n the case of using any technique described in the
aforementioned Patent Documents 4, 5, and 6 1n order to
apply a tension to an optical fiber, since the movable clamp
cannot move forward to the direction of the heater after the
optical fiber 1s clamped, as a result, the movable clamp
cannot absorb this tension when a large tension 1s applied to
the optical fiber by the pressure of the heater.

Accordingly, 1t 1s not possible to remove the tension that
1s excessively applied to the optical fiber, there 1s a problem
causing breaking of the optical fiber or degradation 1n
long-term reliability thereof.

That 1s, 1n a conventional reinforcing heating device, due
to the problem of the long-term reliability of the optical
fiber, the sleeve cannot be pressed so as to be deformed.

By use of the technique described 1n the above-described
Patent Document 8, 1t 1s possible to realize that a sleeve 1s
pressed by the force exceeding a tension under a rupture
cvaluation test; however, a variety ol mechamism elements
as well as a motor 1s necessary, as a result, the device
becomes larger in size.

That 1s, 1n a conventional reinforcing heating device, due
to a limitation 1n device size, the sleeve cannot be pressed so
as to be deformed.

SUMMARY OF THE INVENTION

The mmvention was made with respect to the above-
described problems and has an object to provide an optical-
fiber-spliced portion reinforcing heating device which pre-
vents an excessive tension from being applied to an optical
fiber and thereby prevents the optical fiber from being
broken or prevents the long-term reliability thereof from
being degraded, which has a high level of handleability 1n
addition to prevention of the device from being larger in
size, and which can heat-shrink a sleeve 1n a short amount
ol time.

In order to solve the alorementioned problem, the mven-
tion provides an optical-fiber-spliced portion reinforcing
heating device characterized to include: a pair of right and
left clamps that respectively grasp one portion of a coated
portion of an optical fiber and the other portion thereot, the
coated portion being exposed from a sleeve, where optical
fibers are fusion-spliced at which the coated portion 1is
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removed and a coating-removed portion of a fusion-spliced
portion and the coated portion of the optical fibers are
covered with the sleeve; at least two or more heaters that are
arranged to face each other so as to sandwich the optical
fiber or the sleeve; a first force-applying member that
presses at least one of the clamps so as to apply a tension to
the optical fiber by use of one of an elastic member and a
magnetic member; and a second force-applying member that
applies a pressing force to at least one or more of the heaters
via the sleeve by use of one of an elastic member and a
magnetic member in accordance with control of a drive
source, the heaters being arranged to face each other with the
sleeve 1nterposed therebetween, wherein a pressing force
that 1s to be applied to the sleeve by the second force-
applying member 1s set to be greater than a tension that 1s to
be applied to the optical fiber by the first force-applying
member, and 1n a state 1n which a tension 1s applied to the
optical fiber by the first force-applying member, one of the
clamps applying the tension 1s configured so that a backward
movable range 1n a direction away from the heaters 1n the
longitudinal direction of the optical fiber 1s ensured, a
torward movable range that allows movement to the heater
side 1s ensured, and the clamp moves 1n a direction 1n which
a tension that i1s applied to the optical fiber as a result of
pressing the sleeve by the heaters and by the second force-
applying member 1s diminished.

In the atorementioned configuration, a configuration may
also be adopted 1n which one of the heaters that are arranged
so as to face each other with the sleeve interposed therebe-
tween 1s movable and the other thereof 1s fixed.

In the alorementioned configuration, a configuration may
also be adopted 1n which a pressing force that 1s to be applied
to the sleeve by the heaters exceeds the tension of the
tusion-spliced portion of the optical fiber under a rupture
evaluation test.

In the alorementioned configuration, a configuration may
also be adopted 1n which the heaters have pressing faces that
tace each other with the sleeve interposed therebetween are
arranged 1n a substantially vertical direction, a tensile
strength member 1s consistently arranged in a substantially
downward direction by utilizing a weight of the tensile
strength member that 1s 1nserted into the 1nside of the sleeve,
and the direction of the sleeve 1s thereby constant.

In the atorementioned configuration, a configuration may
also be adopted in which after heating of the sleeve 1is
completed, the heaters are immediately separated from the
sleeve, heat-transier to the sleeve 1s interrupted, and the
sleeve 1s thereby rapidly cooled by introduction of external
air 1nto the periphery of the sleeve.

In the alorementioned configuration, a configuration may
also be adopted 1n which, before the optical fiber 1s grasped.,
in a state 1n which one of the clamps moves separately from
the heaters by the first force-applying member and comes
into contact with a backward movement stopper and a
movable range 1s ensured only in a forward movement
direction, 1n a state 1n which the paired right and left clamps
grasp the optical fiber and a tension i1s not applied to the
optical fiber, immediately after the optical fiber 1s grasped,
or at the time of starting of pressing drive with respect to the
sleeve by the heaters, or before or after the time of the
starting of the pressing drive, the backward movement
stopper 1s retracted, 1n a state 1n which the tension 1s applied
to the optical fiber, the forward movable range of one of the
clamps 1s ensured in addition to the backward movable
range, and thereafter the heaters press the sleeve.

In the aforementioned configuration, a configuration may
also be adopted 1n which, before the optical fiber 1s grasped.,
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from a state in which one of the clamps 1s separated from the
heaters by the first force-applying member and 1s 1n contact
with a backward movement stopper to a state 1n which the
clamp moves forward until coming into contact with a
forward movement stopper and 1s maintained, in a state 1n
which the paired right and leit clamps grasp the optical fiber
and a tension 1s not applied to the optical fiber, immediately
alter the optical fiber 1s grasped, or at the time of starting of
pressing drive with respect to the sleeve by the heaters, or
betore or after the time of the starting of the pressing drive,
one of the clamps is released from the contacting state with
respect to the forward movement stopper and the forward
movement stopper 1s retracted, 1n a state in which the tension
1s applied to the optical fiber, a forward movable range 1s
ensured 1n addition to a backward movable range of one of
the clamps, and thereatiter, the heaters press the sleeve.

In the aforementioned configuration, a configuration may
also be adopted 1n which, before the optical fiber 1s grasped.,
in a state 1n which an applied force 1n a backward movement
direction away Ifrom the heaters 1s applied to one of the
clamps by the first force-applying member and 1n a state 1n
which one of the clamps 1s stopped at a position away from
an end of a movable range thereof by a third force-applying
member formed of an elastic member or a magnetic member
which 1s used to move one of the clamps 1 a forward
movement direction, 1n a state in which the paired right and
letft clamps grasp the optical fiber and a tension 1s not applied
to the optical fiber, immediately after the optical fiber 1s
grasped, or at the time of starting of pressing drive with
respect to the sleeve by the heaters, or before or after the
time of the starting of the pressing drive, in a state 1n which
the paired right and left clamps apply a tension to the optical
fiber as a result of decreasing an applied force of one of the
clamps 1 the forward movement direction by the third
force-applying member, as a result of increasing an applied
force 1n the backward movement direction by the first
force-applying member, or as a result of retracting the third
force-applying member, a forward movable range 1s ensured
in addition to a backward movable range of one of the
clamps, and thereatter, the heaters press the sleeve.

In the aforementioned configuration, a configuration may
also be adopted in which both the paired right and leit
clamps are movable back and forth in the longitudinal
direction of the optical fiber, before the optical fiber is
grasped, 1n a state 1n which one of the clamps 1s separated
from the heaters by the first force-applying member and 1s
in contact with a backward movement stopper and a mov-
able range 1s ensured only 1n the forward movement direc-
tion and 1n a state in which the other of clamps moves
forward to the heater side and 1s stopped betfore the optical
fiber 1s grasped, 1n a state in which the paired right and left
clamps grasp the optical fiber and a tension 1s not applied to
the optical fiber, the other of clamps starts to move in a
backward movement direction away from the heater side,
one of the clamps moves 1n a forward movement direction
which 1s due to a tension transmitted through the optical
fiber, movement ol the other of clamps 1s stopped at a
position away from an end of a movable range of one of the
clamps, therefore, 1n a state 1n which the tension 1s applied
to the optical fiber, a forward movable range 1s ensured in
addition to a backward movable range of one of the clamps,
and thereaiter, the heaters press the sleeve.

In the atorementioned configuration, a configuration may
also be adopted 1n which, before the optical fiber 1s grasped.,
in a state in which one of the clamps 1s separated from
heaters by the first force-applying member and 1s 1n contact
with a backward movement stopper and a movable range 1s
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ensured only in the forward movement direction and 1n a
state 1n which the paired right and left clamps grasp the
optical fiber and a tension 1s not applied to the optical fiber,
the heaters press the sleeve by a pressing force by the second
force-applying member which 1s greater than a tension that
1s to be applied to the optical fiber by the first force-applying
member, as a result of moving the optical fiber 1n a pressing,
direction which 1s due to movement of the sleeve or defor-
mation of the sleeve after starting of the press, one of the
clamps 1s drawn to a forward movement direction by a
tension due to movement of the optical fiber, one of the
clamps 1s configured so as to be stopped at a position away
from an end of a movable range, therefore, in a state in
which a tension 1s applied to the optical fiber by the first
force-applying member, a forward movable range 1s ensured
in addition to a backward movable range of one of the
clamps, and thereafter, the heaters heat the sleeve.

Additionally, the invention provides an optical-fiber-
spliced portion reimnforcing heating device characterized to
include: a pair of right and left clamps that respectively
grasp one portion of a coated portion of an optical fiber and
the other portion thereof, the coated portion being exposed
from a sleeve, where optical fibers are fusion-spliced at
which the coated portion 1s removed and a coating-removed
portion ol a fusion-spliced portion of the optical fibers 1s
covered with the sleeve; a fifth force-applying member that
1s provided on at least one of the clamps that are arranged to
tace each other with the optical fiber interposed therebe-
tween, sandwiches the optical fiber by use of one of an
clastic member and a magnetic member, and applies a
pressing force thereto; a first cam mechanism that 1s driven
to rotate by controlling a motor; a mechanism that controls
to grasp the optical fiber by the clamps and by the pressing
force of the fifth force-applying member due to displace-
ment of the first cam mechanism; at least two or more
heaters that are arranged to face each other so as to sandwich
the optical fiber or the sleeve; a second force-applying
member that applies a pressing force to at least one or more
of the heaters via the sleeve by use of one of an elastic
member and a magnetic member, the heaters being arranged
to face each other with the sleeve interposed therebetween;
a third cam mechanism that 1s disposed on the camshait on
which the first cam mechanism 1s provided or 1s disposed on
the other camshait parallel to the camshaitt, and 1s dniven to
rotate by controlling the motor; and a mechanism that
controls to press the sleeve by the heaters and by the
pressing force of the second force-applying member due to
displacement of the third cam mechanism; wherein the same
motor controls the clamps and the heaters by the force of
cach of the force-applying members and by the first and third
cam mechanisms.

In the aforementioned configuration, a configuration may
also be adopted 1n which, 1n two or more cam mechanisms
used 1n the first cam mechanism and the third cam mecha-
nism which are rotationally driven by the same motor, a
rotating drive force by the drive source i1s reduced by
determining a timing of combining a positive driving that
needs a rotary drive torque and a negative driving that
receives a torque to be diminished.

In the alorementioned configuration, a configuration may
also be adopted 1n which, 1n at least one of two or more cam
mechamisms used 1n the first cam mechanism and the third
cam mechanism, an auxiliary movable member 1s disposed
on the opposite side of each operation member with the
camshaift interposed therebetween, each operation member
1s coupled to the auxiliary movable member by use of one
of an elastic member and a magnetic member, a rotary drive
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torque of each cam mechanism 1s reversed from positive
driving to negative driving as a result of displacing the
auxiliary movable member 1nstead of the operation member
in accordance with a motion of each cam mechanism, and
the positive driving and the negative driving are thereby
combined and diminished 1n the two or more cam mecha-
nisms.

In the atorementioned configuration, a configuration may
also be adopted in which, regarding the paired right and left
clamps and the heaters, one of them 1s movable, and the
other of them 1s fixed.

In the atorementioned configuration, a configuration may
also be adopted which includes: a first force-applying mem-
ber that presses at least one of the clamps so as to apply a
tension to the optical fiber by use of one of an elastic
member and a magnetic member; a second cam mechanism
that 1s disposed on the camshatt that 1s the same camshait as
those of the first cam mechanism and the third cam mecha-
nism or 1s disposed on the other camshaft parallel to the
camshait, and 1s driven to rotate by controlling a motor; and
a mechanism 1 which displacement of the second cam
mechanism controls a tension of the optical fiber which 1s
due to a tension of the first force-applying member of the
clamps, wherein the same motor controls the clamps, the
tension mechanism, and the heaters by a force of each of the
force-applying members and by the first to third cam mecha-
nisms.

In the aforementioned configuration, a configuration may
also be adopted which further includes: a position limiting
member that 1s configured of a forward movement stopper or
a backward movement stopper, which limits a forward
movable range or a backward movable range of at least one
of the paired right and left clamps; a fifth cam mechanism
that 1s to be rotationally driven by the motor control, the cam
mechanism being disposed on the same camshait as those of
the first to third cam mechanisms or disposed on the other
camshaift parallel to the camshait; and a mechanism 1n which
displacement of the fifth cam mechanism controls move-
ment of the position limiting member, wherein the same
motor controls the clamps, the tension mechanism, the
heaters, and the position limiting member by the first to third
and fifth cam mechanisms.

In the aforementioned configuration, a configuration may
also be adopted which further includes: the first force-
applying member that limits a forward movable range or a
backward movable range of at least one of the paired right
and left clamps or the third force-applying member that
applies a tension 1n an opposite direction relative to the first
force-applying member; a sixth cam mechanism that is
disposed on the same camshait as those of the first to third
cam mechanisms or disposed on the other camshatt parallel
to the camshait and that 1s to be rotationally driven by the
motor control; and a mechanism 1 which displacement of
the sixth cam mechanism controls an applied force of the
first force-applying member or the third force-applying
member to be stronger or to be weaker, wherein the same
motor controls the clamps, the tension mechanism, the
heaters, and the first or the third force-applying members by
the first to third and the sixth cam mechanisms.

In the atorementioned configuration, a configuration may
also be adopted which includes: a lid that opens and closes
the optical-fiber-spliced portion reinforcing heating device;
a sixth force-applying member that applies a force of closing
the lid thereto by use of one of an elastic member and a
magnetic member; a fourth cam mechanism that 1s disposed
on the same camshait as those of the first to third cam
mechanisms or disposed on the other camshatt parallel to the
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camshaft; and a mechanism 1n which displacement of the
fourth cam mechanism controls opening or closing of the lid
by an applied force of the sixth force-applying member,
wherein the same motor controls the clamps, the tension
mechanism, the heaters, and the lid by the force-applying
members and by the first to fourth and sixth cam mecha-
nisms.

In the alorementioned configuration, a configuration may
also be adopted 1n which at least any of the clamps, the
tension mechanism, the heaters, and the lid 1s configured by
a lever-shaped member that rotationally moves around a
rotation support parallel to the optical fiber and the sleeve or
1s provided at a lever-shaped member.

In the atorementioned configuration, a configuration may
also be adopted 1n which a coil spring 1s used 1n the second
force-applying member that presses the heaters, the paired
right and left clamps, the force-applying member that grasps
the optical fiber, and the force-applying member of the lid,
and the rotation support 1s arranged on the same axis as that
of the coil spring.

In the alorementioned configuration, a configuration may
also be adopted 1n which the camshatt 1s arranged among the
rotation support that 1s disposed under a device, the paired
right and left clamps that are disposed above a device, the
heaters, and the lid.

Furthermore, in the aforementioned configuration, the
invention provides an optical-fiber-spliced portion reinforc-
ing heating device characterized in that a pressing force that
1s to be applied to the sleeve by the second force-applying
member 1s set to be greater than a tension that 1s to be
applied to the optical fiber by the first force-applying mem-
ber, and 1n a state in which a tension 1s applied to the optical
fiber by the first force-applying member, one of the clamps
applying the tension 1s configured so that a backward
movable range 1n a direction away from the heaters 1n the
longitudinal direction of the optical fiber 1s ensured, a
torward movable range that allows movement to the heater
side 1s ensured, and the clamp moves 1n a direction 1n which
a tension that i1s applied to the optical fiber as a result of
pressing the sleeve by the heaters and by the second force-
applying member 1s diminished.

The invention provides an optical-fiber-spliced portion
reinforcing heating device including: a pair of right and left
clamps that respectively grasp one portion of a coated
portion of an optical fiber and the other portion thereot, the
coated portion being exposed from a sleeve, where optical
fibers are fusion-spliced at which the coated portion is
removed and a coating-removed portion of a fusion-spliced
portion and the coated portion of the optical fibers are
covered with the sleeve; a fifth force-applying member that
1s provided on at least one of the clamps that are arranged to
face each other with the optical fiber interposed therebe-
tween, sandwiches the optical fiber by use of one of an
clastic member and a magnetic member, and applies a
pressing force thereto; a first cam mechanism that 1s driven
to rotate by controlling a motor; a mechanism that controls
to grasp the optical fiber by the clamps and by the pressing
force of the fifth force-applying member due to displace-
ment of the first cam mechanism; at least two or more
heaters that are arranged to face each other so as to sandwich
the optical fiber or the sleeve; a second force-applying
member that applies a pressing force to at least one or more
of the heaters via the sleeve by use of one of an elastic
member and a magnetic member, the heaters being arranged
to face each other with the sleeve interposed therebetween;
a third cam mechanism that 1s disposed on a camshait on
which the first cam mechanism 1s provided or 1s disposed on

10

15

20

25

30

35

40

45

50

55

60

65

14

the other camshait parallel to the camshaitt, and 1s driven to
rotate by controlling the motor; and a mechanism that
controls to press the sleeve by the heaters and by the
pressing force of the second force-applying member due to
displacement of the third cam mechanism; wherein the same
motor controls a force of each of the force-applying mem-
bers with respect to the clamps and the heaters by the first
and third cam mechanisms.

In the atorementioned configuration, a configuration may
also be adopted 1n which, 1n two or more cam mechanisms
used 1n the first cam mechanism and the third cam mecha-
nism which are rotationally driven by the same motor, a
rotating drive force by the drive source 1s reduced by
determining a timing ol combining a positive driving that
needs a rotary drive torque and a negative driving that
receives a torque to be diminished.

In the atorementioned configuration, a configuration may
also be adopted 1n which, 1n at least one of two or more cam
mechanisms used 1n the first cam mechamism and the third
cam mechanism, an auxiliary movable member 1s disposed
on the opposite side of each operation member with the
camshaft interposed therebetween, each operation member
1s coupled to the auxiliary movable member by use of one
of an elastic member and a magnetic member, a rotary drive
torque of each cam mechanism 1s reversed from positive
driving to negative driving as a result of displacing the
auxiliary movable member instead of each operation mem-
ber 1n accordance with a motion of each cam mechanism,
and the positive driving and the negative driving are thereby
combined and diminished 1n the two or more cam mecha-
nisms.

In the atorementioned configuration, a configuration may
also be adopted in which, regarding the paired right and left
clamps and the heaters, one of them 1s movable, and the
other of them 1s fixed.

In the atorementioned configuration, a configuration may
also be adopted which includes: a first force-applying mem-
ber that presses at least one of the clamps so as to apply a
tension to the optical fiber by use of one of an elastic
member and a magnetic member; and a mechanism that
controls pull of the optical fiber, which 1s due to tensions of
the clamps by the first force-applying member, based on
operation of grasping the optical fiber by the clamps or
operation of pressing the sleeve by the heaters, wherein the
same motor controls the clamps or the heaters by the force
of each of the force-applying members by use of the first and
third cam mechanisms and control the tension mechanism
by operating the controlled clamps or the controlled heaters.

In the atorementioned configuration, a configuration may
also be adopted which includes: a first force-applying mem-
ber that presses at least one of the clamps so as to apply a
tension to the optical fiber by use of one of an elastic
member and a magnetic member; a position limiting mem-
ber that 1s configured of a forward movement stopper or a
backward movement stopper, which limits a forward mov-
able range or a backward movable range of at least one of
the paired right and left clamps; a second cam mechanism
that 1s to be rotationally driven by the motor control, the
second cam mechanism being disposed on the same cam-
shait as those of the first and third cam mechanisms or
disposed on the other camshait parallel to the camshatt; a
mechanism in which displacement of the second cam
mechanism controls pull of the optical fiber, which 1s due to
tensions of the clamps by the first force-applying member;
and a mechanism in which displacement of the second cam
mechanism controls movement of the position limiting
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member, wherein the same motor controls the clamps and
the heaters by the first to third cam mechanisms.

In the alorementioned configuration, a configuration may
also be adopted which includes: a first force-applying mem-
ber that presses at least one of the clamps so as to apply a
tension to the optical fiber by use of one of an elastic
member and a magnetic member; a third force-applying
member that presses to apply a tension 1n an opposite
direction relative to the first force-applying member; a sixth
cam mechanism that 1s to be rotationally driven by the motor
control, the second cam mechanism being disposed on the
same camshait as those of the first and third cam mecha-
nisms or disposed on the other camshaft parallel to the
camshaft; and a mechanism 1n which displacement of the
sixth cam mechanism controls an applied force of the first
force-applying member or the third force-applying member,
wherein each of the first and third force-applying members
presses at least one of the clamps so as to apply a tension to
the optical fiber by use of one of an elastic member and a
magnetic member, and the same motor controls the clamps,
the heaters, and the applied force controller by the first,
third, and sixth cam mechanisms.

In the aforementioned configuration, a configuration may
also be adopted which includes: a lid that opens and closes
the optical-fiber-spliced portion reinforcing heating device;
a sixth force-applying member that applies a force of closing
the lid thereto by use of one of an elastic member and a

magnetic member; a fourth cam mechanism that 1s disposed
on the same camshait as those of the first and third cam
mechanisms or disposed on the other camshatt parallel to the
camshaft; and a mechanism 1n which displacement of the
fourth cam mechanism controls the lid to be opened or
closed by an applied force of the sixth force-applying
member, wherein the same motor controls the clamps, the
heaters, and the lid by the force of each of the force-applying,
members and by the first to fourth cam mechanisms.

In the aforementioned configuration, a configuration may
also be adopted 1n which at least any of the clamps, the
heaters, and the lid 1s configured by a lever-shaped member
that rotationally moves around a rotation support parallel to
the optical fiber and the sleeve or 1s provided at a lever-
shaped member.

In the atorementioned configuration, a configuration may
also be adopted 1n which a coil spring 1s used in the second
force-applying member that presses the heaters, the paired
right and left clamps, the force-applying member that grasps
the optical fiber, and the force-applying member of the lid,
and the rotation support 1s arranged on the same axis as that
of the coil spring.

In the alorementioned configuration, a configuration may
also be adopted 1n which the camshatt 1s arranged among the
rotation support that 1s disposed under a device, the paired
right and leit clamps that are disposed above a device, the
heaters, and the lid.

In the atorementioned configuration, a configuration may
also be adopted 1n which a pressing force that 1s to be applied
to the sleeve by the second force-applying member 1s set to
be greater than a tension that 1s to be applied to the optical
fiber by the first force-applying member, and 1n a state 1n
which a tension 1s applied to the optical fiber by the first
force-applying member, one of the clamps applying the
tension 1s configured so that a backward movable range 1n a
direction away from the heaters 1n the longitudinal direction
of the optical fiber 1s ensured, a forward movable range that
allows movement to the heater side 1s ensured, and the
clamp moves 1n a direction in which a tension that 1s applied

10

15

20

25

30

35

40

45

50

55

60

65

16

to the optical fiber as a result of pressing the sleeve by the
heaters and by the second force-applying member 1s dimin-

1shed.

Tects of the Invention

[T

According to the optical-fiber-spliced portion reinforcing
heating device of the invention, as a result of removing an

excessive tension that 1s to be applied to the optical fiber
when the sleeve 1s sandwiched between heaters and 1s
heat-shrunk, breaking of the optical fiber or degradation in
long-term reliability 1s prevented, and a device 1s prevented
from being larger in size.

Consequently, 1t 1s possible to heat-shrink the sleeve 1n a
shorter amount of time with a high level of reliability, and
an optical-fiber-spliced portion reinforcing heating device
having a high level of handleability can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an external appear-
ance ol an example of a fusion splicer that 1s provided with
an optical-fiber-spliced portion reinforcing heating device
according to an embodiment of the invention.

FIG. 2 1s a perspective view showing an external appear-
ance of an example of the optical-fiber-spliced portion
reinforcing heating device according to the embodiment of
the 1vention.

FIG. 3 15 a side view showing an external appearance of
an example of a fusion splicer that i1s provided with an
optical-fiber-spliced portion reinforcing heating device
according to the embodiment of the invention.

FIG. 4 1s a breakaway view 1illustrating an example of the
inner structure of the optical-fiber-spliced portion reiniorc-
ing heating device according to the embodiment of the
invention.

FIG. 5 1s a schematic view showing an example of a
sleeve that 1s used to reinforce an optical fiber spliced
portion and 1s to be heat-shrunk by use of the optical-fiber-
spliced portion reinforcing heating device according to the
embodiment of the invention.

FIG. 6 1s a schematic view illustrating an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the inven-
tion.

FIG. 7 1s a schematic view illustrating an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the inven-
tion.

FIG. 8 1s a schematic view illustrating an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the mven-
tion.

FIG. 9 1s a schematic view illustrating an example of an
operation ol the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the mven-
tion.

FIG. 10 1s a schematic view 1llustrating an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the inven-
tion.

FIG. 11 1s a schematic view illustrating an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the inven-
tion.
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FIG. 12 1s a schematic cross-sectional view illustrating
the other example of the optical-fiber-spliced portion rein-
forcing heating device according to the embodiment of the
invention.

FIG. 13 1s a schematic cross-sectional view 1illustrating
the other example of the optical-fiber-spliced portion rein-
forcing heating device according to the embodiment of the
invention.

FIG. 14 view (a) 1s a schematic view 1llustrating the other

example of an operation of the optical-fiber-spliced portion
reinforcing heating device according to the embodiment of
the mvention. View (b) 1s a schematic view showing a
structure including a retractable backward movement stop-
per. View (c¢) 1s a schematic view showing a structure
including a retractable forward movement stopper.

FIG. 15 15 a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FIG. 16 1s a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FI1G. 17 1s a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FIG. 18 1s a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FIG. 19 1s a timing chart i1llustrating a series of operation
timings 1n the optical-fiber-spliced portion reinforcing heat-
ing device.

FI1G. 20 1s a timing chart 1llustrating a series of operation
timings 1n the optical-fiber-spliced portion reinforcing heat-
ing device.

FI1G. 21 15 a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FIG. 22 1s a schematic view illustrating the other example
ol an operation of the optical-fiber-spliced portion reinforc-
ing heating device according to the embodiment of the
invention.

FI1G. 23 15 a front view 1llustrating an external appearance
of an example of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the inven-
tion.

FIG. 24 1s a schematic view showing an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the invention
and 1s a cross-sectional view taken along the cross-section
line A-A shown 1n FIG. 23.

FIG. 25 1s a schematic view showing an example of an
operation ol the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the invention
and 1s a cross-sectional view taken along the cross-section
line B-B shown in FIG. 23.

FIG. 26 1s a schematic view showing an example of an
operation of the optical-fiber-spliced portion reinforcing
heating device according to the embodiment of the invention
and 1s a cross-sectional view taken along the cross-section
line C-C shown 1n FIG. 23.

FIG. 27 1s a schematic view showing an example of an
operation of the optical-fiber-spliced portion reinforcing
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heating device according to the embodiment of the invention
and 1s a cross-sectional view taken along the cross-section

line D-D shown in FI1G. 23.

FIG. 28 1s a schematic view showing an example of an
operation ol the optical-fiber-spliced portion remnforcing
heating device according to the embodiment of the invention

and 1s a cross-sectional view taken along the cross-section
line E-E shown in FIG. 23.

FIG. 29 1s a breakaway view partially illustrating the
relevant part of the optical-fiber-spliced portion reinforcing,
heating device according to the embodiment of the inven-
tion.

FIG. 30 1s a breakaway view partially illustrating the
relevant part of the optical-fiber-spliced portion reinforcing,
heating device according to the embodiment of the mnven-
tion.

FIG. 31 is a chart illustrating the relationship between the
pressing force and the shrinking time when a reinforcement
sleeve of the optical fiber spliced portion 1s pressed while
being heated by use of the optical-fiber-spliced portion
reinforcing heating device.

FIG. 32 1s a cross-sectional view schematically 1llustrat-
ing a series ol operations when the reinforcement sleeve of
the optical fiber spliced portion i1s pressed while being
heated by use of a conventional optical-fiber-spliced portion
reinforcing heating device.

FIG. 33 1s a schematic view showing illustrating the
operations when the reinforcement sleeve of the optical fiber
spliced portion 1s pressed while being heated by use of a
conventional optical-fiber-spliced portion reinforcing heat-
ing device, (a) 1s a schematic view 1illustrating a slack state
of an optical fiber, and (b) 1s a cross-sectional view showing
a state 1n which a sleeve 1s sandwiched between heaters.

FIG. 34 15 a schematic view illustrating the other example
of the optical-fiber-spliced portion reinforcing heating
device according to the embodiment of the invention.

FIG. 35 1s a schematic view 1illustrating an operation of
the optical-fiber-spliced portion reinforcing heating device
shown 1n the previous figure.

FIG. 36 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion reinforcing heating device.

FIG. 37 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remnforcing heating device.

FIG. 38 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remforcing heating device.

FIG. 39 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remforcing heating device.

FIG. 40 1s a schematic view illustrating the other example
of the optical-fiber-spliced portion reimnforcing heating
device according to the embodiment of the mvention.

FIG. 41 1s a schematic view 1llustrating an operation of
the optical-fiber-spliced portion reinforcing heating device
shown 1n FIG. 34.

FIG. 42 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remforcing heating device.

FIG. 43 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remforcing heating device.

FIG. 44 1s a schematic view continuous with the previous
figure, illustrating an operation of the optical-fiber-spliced
portion remforcing heating device.
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FIG. 45 1s a schematic view illustrating the other example
of the optical-fiber-spliced portion reinforcing heating
device according to the embodiment of the invention.

FIG. 46 1s a schematic view illustrating an operation of
the optical-fiber-spliced portion reinforcing heating device
shown 1n the previous figure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, an optical-fiber-spliced portion reinforcing
heating device according to a preferred embodiment related
to the mvention 1s adopted, and each constitution thereof
will be described 1n detail with reference to drawings.

<Optical Fiber Fusion Splicer>

FIG. 1 shows an example of a fusion splicer including an
optical-fiber-spliced portion reinforcing heating device 1
according to the mvention.

The fusion splicer A shown in FIG. 1 includes: a fusion
splicing unit 110 that carries out fusion splicing an optical
fiber; and the optical-fiber-spliced portion reinforcing heat-
ing device 1 (reinforcing heating device) that 1s used to heat
shrink a reinforcement sleeve that covers the fusion-spliced
optical fiber (also refer to FIG. 2).

Moreover, the fusion splicer A 1s provided with an 1ndi-
cator 120 that displays a variety of information or the like for
an operator, an operation unit 130 that 1s used to set, for
example, conditions, or the like 1n addition to the aforemen-
tioned reinforcing heating device 1 and the fusion splicing
unit 110.

Furthermore, 1n the fusion splicer A shown as an example
in the drawing, a built-in device (not shown 1n the figure),
for example, a means, a controller, or the like, which 1s used
to comprehensively drive them 1n addition to the reinforcing,
heating device 1 or the fusion splicing unit 110 are arranged
in a substantially cube-shaped body part 101.

In addition, a plurality of legs 102 (four legs are shown in
the drawing as an example and part of them 1s not shown in
the figure) are provided under the body part 101.

Various display system such as liquid crystal, organic EL,
or electric light may be adopted as the indicator 120.

Furthermore, the fusion splicer A 1s provided with a
movable panel 103 at the fore side of the body part 101, and
the indicator 120 or the operation unit 130 1s disposed above
the panel 103.

The panel 103 1s coupled to the body part 101 via a
rotation shait 101a 1n the horizontal direction 1s provided at
the upper portion of the body part 101 and can allow the
indicator 120 to be directed to an optional direction in a
predetermined angle range by movement of the panel 103,
which 1s not particularly shown in the figure.

The operator can move the panel 103 so that the indicator
120 1s 1n an easily viewable direction.

In the example as shown 1n the perspective view shown 1n
FIG. 1 and the side view shown 1in FIG. 3, the reinforcing
heating device 1 1s arranged at the position which 1s a rear
side of the fusion splicer A, and the fusion splicing unit 110
1s disposed 1n front of the reinforcing heating device 1.

Here, regarding front, back, left, and rnight 1n the expla-
nation in the embodiment, 1n the situation where an operator
uses the fusion splicer A including the above-mentioned
reinforcing heating device 1, the side that faces the operator
1s referred to as the front side (the left side 1n FI1G. 3), the rear
side of the fusion splicer A as seen from the operator 1s
referred to as the back side (the right side 1n FIG. 3), and the
right and the left of the operator are referred to as the right

and the left.
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<Sleeve Used to Reinforce an Optical Fiber Spliced
Portion>

As shown 1n FIG. 5 cases (a) and (b), a sleeve 12 that 1s
heat-shrunk by the reinforcing heating device 1 according to
the mnvention and reinforces an optical fiber spliced portion
1s provided so as to cover tensile strength members 13 A and
13B and an optical fiber 11 (spliced portion 11A) at the
position of the spliced portion 11 A where the optical fibers
11 are fusion-spliced to each other.

Generally, the foregoing sleeve 12 1s called by various
names such as an optical fiber reinforcement member, a heat
shrinkable tube, a heat shrinkable sleeve, a reinforcement
sleeve, and all of them have a common function.

Particularly, in FIG. 5 cases (a) and (b), for convenience,
the same reference numeral 1s added to all sleeves.

As shown 1n an example 1n FIG. 5 case (a), in the case
where the sleeve 12 1s used for a single-core optical fiber
spliced portion, an inner tube 126 that 1s formed of a
cylindrical hot melt tube and i1s 1n a state of covering the
spliced portion 11A of the optical fiber 11 and a tensile
strength member 13A that 1s formed of a cylindrical hard
core made of a SUS or the like are arranged inside an outer
tube 12a formed of a heat shrinkable tube.

Furthermore, as shown 1 FIG. 5 case (b), 1n a state 1n
which the sleeve 12 1s used for a spliced portion of a
multi-core optical fiber (multi-core ribbon), an nner tube
125 that 1s formed of an elliptic cylindrical hot melt tube and
1s 1n a state ol covering the spliced portion 11 A of the optical
fiber 11 and a tensile strength member 13B that 1s formed of
a semicircular-column shaped hard core made of glass or the
like are arranged inside an outer tube 12a formed of a heat
shrinkable tube.

Here, as the reason that a glass hard core shown 1n FIG.
5 case (b) 1s used as the tensile strength member 13B that 1s
inserted into the sleeve 12 for reinforcement of the spliced
portion of the multi-core optical fiber, the reason described
below 1s adopted.

Generally, 1n a fusion splicer, an optical fiber 1s subjected
to a tensile test after the optical fibers are spliced, and the
reliability thereof (for example, the presence or absence of
damages to glass) 1s thereby evaluated.

In the case of a single-core optical fiber, even in cases
where a degree of elasticity 1s large and an mexpensive SUS
1s used as a tensile strength member, since the reliability
thereol 1s evaluated by the tensile test, 1t 1s possible to
determine 1f 1t 1s appropriate.

However, in the case of a multi-core ribbon optical fiber,
since a tension 1s only applied to one fiber that 1s shortest 1n
the multi-core optical fibers, 1t 1s not possible to presume
that the reliability thereof 1s ensured.

Consequently, for reinforcement of the spliced portion of
the multi-core optical fiber, a glass material having a low
degree of elasticity similar to that of an optical fiber 1s used
as tensile strength member; however, 1t 1s a little expensive.

Particularly, hereinafter, in order to provide a clear under-
standing, the outer tube and the inner tube are simply
referred to as the sleeve 12 without discriminating them, and
additionally drawings are explained 1s the same way.

<Optical-Fiber-Spliced Portion Reinforcing Heating
Device>

First Embodiment

Heremaiter, an optical-fiber-spliced portion remnforcing
heating device according to a first embodiment of the
invention will be described 1n details mainly using sche-
matic views shown in FIGS. § to 17.
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In other cases, the configurations which are not shown in
schematic views of FIGS. 5 to 17 will be described using a
breakaway view shown in FIG. 4 or the like which 1s
illustrated 1n a second embodiment according to the inven-
tion.

Additionally, configurations that are common to those of
a reinforcing heating device according to a second embodi-
ment, which will be particularly described later, will be
suitably described with reference to FIG. 4 or the like 1n this
embodiment; in addition, even where placements or the like
of configurations of embodiments are different from each
other, elements having the same function may be repre-
sented by the same reference numerals in the description.

Furthermore, each of drawings which will be referred in
the explanation described below schematically illustrates a
reinforcing heating device. Therefore, positional relation-
ships of the drawings may be different from each other 1n the
horizontal direction or the vertical direction in the drawings.

As shown 1n FIG. 6 or the like (also, partially refer to FIG.
4), the reinforcing heating device 1 according to the embodi-
ment includes: a pair of right and left clamps 2 (2A, 2B)
grasp one portion of the coated portion exposed from the
sleeve 12 and the other portion thereof where the optical
fibers 11 are fusion-spliced to each other at which a coated
portion 1s removed and a coating-removed portion and the
coated portion of the fusion spliced portion 11A of the
optical fiber 11 are covered with the sleeve 12; two heaters
3 (3A, 3B) that are disposed so as to face each other so as
to sandwich the optical fiber 11 or the sleeve 12; a first
force-applying member 41 that presses at least one of the
clamps 2, for example, the clamp 2A shown 1n the drawing
so as to apply a tension to the optical fiber 11 by use of one
of an elastic member and a magnetic member; and a second
force-applying member 42 that applies a pressing force to at
least one or more of the paired heaters 3A and 3B by use of
one of an elastic member and a magnetic member with the
sleeve 12 interposed therebetween 1n accordance with con-
trol of a motor 6 serving as a drive source where the heaters
are arranged opposite to each other with the sleeve 12
interposed therebetween.

Moreover, 1n the reinforcing heating device 1, the press-
ing force with respect to the sleeve 12 by the second
force-applying member 42 i1s set to be greater than the
tension to the optical fiber 11 by the first force-applying
member 41, 1n a state 1in which a tension 1s applied to the
optical fiber 11 by the first force-applying member 41, a
backward movable range K i1s ensured i a direction in
which one clamp 2A that applies a tension thereto moves
separately from the heaters 3 1n the longitudinal direction of
the optical fiber 11, and a forward movable range Z 1s
ensured in which the clamp can move to the heater side 3.

Consequently, 1 the remnforcing heating device 1, the
clamp 2A is configured to move 1n the direction in which the
tension that 1s to be applied to the optical fiber 11 as a result
of pressing the sleeve 12 by the heaters 3 and by the second
force-applying member 42 1s diminished.

Furthermore, the reinforcing heating device 1 1s provided
with a lid 10 that carries out opening and closing of the
inside of device when the optical fiber 11 1s set to this
reinforcing heating device.

Additionally, each of the above-mentioned structures 1s
attached to a housing 3 or accommodated in the 1nside of the
housing 5.

In addition, the sleeve 12 may cover a coating-removed
portion and a coated portion of the optical fiber 11 or only
cover the coating-removed portion.
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As shown 1n FIG. 6 or the like, the clamps 2 (2A, 2B) are
a pair of right and left clamps which are constituted of the
clamp 2A that grasps one of the optical fiber 11 and the
clamp 2B that grasps the other of the optical fiber 11.

The clamps 2 are configured to be able to sandwich and

grasp (clamp) the optical fiber 11 by use of a force-applying
member such as a torsion coil spring or a double torsion
spring (for example, a force-applying member of 2a shown
in FIG. 34) and are placed at both sides of the heaters 3 1n
the longitudinal direction of the optical fiber 11 shown as an
example 1n the drawing.

Additionally, as shown 1 FIG. 6 or the like, the clamp 2A
that 1s one of the right and left clamps 2 that are arranged to
form a pair thereof 1s configured to be openable and closable
and the clamp 2B that 1s the other thereof 1s configured to be
the same.

Furthermore, one of the clamps 2 slidably moves 1n the
longitudinal direction of the optical fiber 11 and the clamp
2A 1s configured to be able to apply a tension to the optical
fiber 11 by use of the first force-applying member 41 formed
ol a permanent magnet as an example shown 1n FIG. 6 or the

like.

The clamps 2 are provided for preventing the displace-
ment between the position of the sleeve 12 and the position
of the spliced portion 11 A of the optical fiber 11 in the case
where a tension 1s applied to the optical fiber 11 before heat
shrinking 1s carried out, generally, the clamps are located at
two positions, that 1s, at both sides of the heaters 3.

Moreover, a grasping rubber which 1s used to directly
grasp the optical fiber 11 and 1s not shown in FIG. 6 or the
like 1s provided on the surtace of each of the paired right and

left clamps 2A and 2B (refer to FIG. 29).

The heaters 3 (3A, 3B) 1s used to press and heat-shrink the
sleeve 12 and 1s generally referred to as a name such as a
heater, a heat generation unit, a heat generation source, a
heat generation body, a heat source, a heating section, a
heating source, a heating member, or the like.

The heaters 3 serving as two heaters 3A and 3B are
opposed and arranged so as to sandwich the optical fiber 11
or the sleeve 12 and are thereby configured to be able to
sandwich and press the sleeve 12 so that one heater 3A 1s
configured to be openable and closable and the heater 3B 1s

fixed.

Furthermore, the openable-and-closable heater 3A 1s con-
figured to press the sleeve 12 1n a direction in which the
sleeve 1s sandwiched and pressed by the second force-

applying member 42 configured by a double torsion spring
as shown in FIG. 4.

In addition, as shown in FIG. 6 or the like as an example,
the two heaters 3A and 3B are attached to surfaces of heater
attachment bases 31A and 31B, respectively.

The heaters 3 are not particularly shown in the figure;
however, generally, 1t 1s preferable to use a plurality of
heater circuit patterns.

Furthermore, a polyimide film heater that 1s adhesively
attached to a metal sheet as well as a ceramic heater that 1s
adhesively attached to a metal sheet 15 preferably used as the
heaters 3 as an example since the entire surface of them can
be subjected to folding.

In this case, a configuration can be adopted in which, for
example, two, three, or more circuit patterns formed of a
polyimide film heater are implanted into a plate-shaped
metal sheet.
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In the embodiment, a configuration 1s adopted which
sandwiches the sleeve 12 by only driving one heater 3A;
however, 1t 1s not limited to this, for example, a further
powertul pressing force can also be generated by drniving
both two heaters.

However, 1n the case of driving both two heaters, since
there 1s a concern that the mechanism thereof becomes
complicated and cost increases, 1t 1s not preferable in any
way.

Moreover, even 1n the structure that drives only one heater
3 A such as the embodiment, since a suflicient pressing force
with respect to the sleeve 12 1s obtained and there 1s also an
advantage described below, the above-mentioned configu-
ration 1s preferably adopted.

Firstly, 1in the case where one heater 3A 1s only openable
and closable, since a drive mechanism of the other heater 3B
1s not necessary and an elastic member such as a heater
attachment base which will be particularly described later or
a double torsion spring that 1s used to press the sleeve 12 1s
not necessary at this position, 1t 1s possible to reduce the
number of parts and the cost therefor.

Furthermore, 1t 1s possible to reduce the displacement
from the center line S of the optical fiber 11 when the heaters
3 presses the sleeve 12.

The reason 1s that, the other heater 3B 1s fixed, as
compared with a case where both heaters are openable and
closable, 1t 1s not necessary for the applied forces of the
clastic members to be balanced, particularly when the sleeve
12 1s set adjacent to the fixed-side heater 3B, 1t 1s possible
to minimize the displacement of the optical fiber 11.

In details, as a result of providing the optical fiber 11 and
the sleeve 12 shown 1n FIG. 6 to be adjacent to the fixed-side
heater 3B such that, for example, the sleeve 12 comes 1nto
contact therewith and grasping the optical fiber 11 by the
clamps 3 in this state, 1t 1s possible to minimize the dis-
placement of the optical fiber 11 during pressing thereof by
the heaters 3.

At this time, when heat-shrinkage of the sleeve 12 begins,
the positions of the optical fiber 11 and the sleeve 12
gradually move to the fixed-side heater 3B.

Subsequently, when the sleeve 12 1s completely heat-
shrunk, 1t 1s not possible to avoid the position of the optical
fiber 11 from being displaced from the center line S to the
other heater 3B.

However, 1n this case, the displacement of the optical fiber
11 1s a substantially half of the diameter of the sleeve 12,
substantially, which 1s a degree of decrease in the diameter
due to the heat shrinkage.

Additionally, 1n the embodiment, similar to the case of the
reinforcing heating device shown 1n FIG. 4 as an example,
with respect to the above-mentioned paired heaters 3 and the
paired right and left clamps 2, it 1s possible to carry out
opening and closing by driving one heater 3A and opening
and closing by driving one clamp 2A by use of the same
camshaft 7 (on the same axis) by the motor 6 that 1s the same
drive source.

In the case of adopting the foregoing configuration, the
ellect 1s obtained that a sequence of control such as grasping
and removing of the optical fiber 11 by opening and closing
by use of the pair of right and left clamps 3, control of a
tension that 1s to be applied to the optical fiber 11, and heat
shrinking of the sleeve 12 by pressing by the pair of heaters
3 becomes easy.

In addition, 1n the embodiment, as shown 1n FIGS. 6 to 11,
a drive control of operations of opening and closing the
paired right and left clamps 2A and 2B 1s carried out by a
first cam mechanism 71 that i1s provided in the camshait 7,
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and a drive control of one heater 3A that 1s configured to be
openable and closable 1s carried out by a third cam mecha-
nism 73.

Furthermore, 1n the embodiment, a second cam mecha-
nism 72 that 1s provided in the camshait 7 1s configured to
function as a backward movement stopper that restricts a
movement of one clamp 2A 1n a backward direction where
the clamp slidably moves 1n the longitudinal direction of the
optical fiber 11.

In the invention, the cam mechanism may be simply
referred to as a “cam” or “cam member”.

Moreover, as described above, one clamp 2A 1s pressed by
the first force-applying member 41 that 1s configured by an
clastic member such as a spring, a rubber, or a sponge, or a
magnetic member such as a permanent magnet or an elec-
tromagnet 1n the longitudinal direction of the optical fiber 11
and 1n the backward movement direction, and 1s configured
to be able to apply a tension to the optical fiber 11.

Consequently, the embodiment provides the backward
movable range K in which a slack of the optical fiber 11 1s
removed and the forward movable range 7 1n which, even in
the case where an excessive tension 1s applied to the optical
fiber 11 by pressing one heater 3A, the tension can be
absorbed.

Furthermore, in the reinforcing heating device 1, the
paired right and left clamps 2A and 2B or one heater 3A does
not carry out grasping, opening, and closing operations or a
pressing operation by a driving power that 1s directly trans-
mitted through the above-mentioned motor 6 or each cam
mechanism, and each force-applying member that 1s con-
figured by an elastic member such as a spring, a rubber, or
a sponge, or a magnetic member such as a permanent
magnet or an electromagnet presses the optical fiber 11 or
the sleeve 12.

Particularly, a double torsion spring 1s used as the second
force-applying member 42 that presses one heater 3A in the
example shown 1n FIG. 4, and a torsion coil spring 1s used
as a fifth force-applying member 45 that presses the open-
able-and-closable side of the paired right and left clamps 2A
and 2B 1n the example shown in FIG. 29.

(Example of Operation of Reimnforcing Heating Device)

As described above, 1n the reinforcing heating device 1
described in the embodiment, an applied force of the second
force-applying member 42 that presses one heater 3A 1s set
to a large pressing force such that, when the sleeve 12 1s
pressed by the second force-applying member 42 and the
heater 3A, the applied force causes the optical fiber 11 to be
displaced from the central axis line S (refer to FI1G. 12 or the
like) of the optical fiber 11 pulled by the first force-applying
member 41.

Additionally, 1n a state 1n which a tension 1s applied to the
optical fiber 11 by the first force-applying member 41, the
backward movable range K i1s ensured in a direction in
which one clamp 2A that applies a tension thereto moves
separately from the heaters 3 1n the longitudinal direction of
the optical fiber 11, and the forward movable range 7 1s
ensured 1n which the clamp can move to the heater side 3.

Furthermore, the clamp 2A 1s configured to move in the
direction 1n which the tension that 1s to be applied to the
optical fiber 11 as a result of pressing the sleeve 12 by the
heaters 3 and by the second force-applying member 42 1s
diminished.

Steps 1n the case of heat-shrinking the sleeve 12 1n a state
ol coating the spliced portion 11A of the optical fiber 11 by
use of the reinforcing heating device 1 provided with the
aforementioned configuration and effects that can diminish




US 9,465,167 B2

25

and remove a tension will be described below with reference
to mainly FIGS. 4, and 6 to 11.

FIGS. 6 to 11 are schematic views showing the situations
as seen from the upper side of the reinforcing heating device
1.

Particularly, in order to provide a clear understanding,
part of configuration shown 1n FIGS. 6 to 11 1s omitted with
respect to the breakaway view shown in FIG. 4, and the
same configurations are applied in the explanation below.

As shown 1n FIG. 6, the optical fiber 11 1s inserted 1nto the
sleeve 12, the camshatt 7 1s disposed at the lower side of the
optical fiber 11 (a deep direction in the drawing).

Two heaters 3A and 3B that 1s used to press the sleeve 12
are are disposed at a substantially center portion shown 1n
FIG. 6, the rear side thereof (the upper side of FIG. 6) 1s
driven as an openable-and-closable heater 3A, and the front
side thereof (the lower side of FIG. 6) 1s a fixed-side heater
3B.

Regarding the paired right and left clamps 2A and 2B, the
rear side thereof (the upper side of FIG. 6) 1s driven as an
openable-and-closable clamp, and the front side thereot (the
lower side of FIG. 6) 15 a fixed clamp.

One clamp 2A can slidably move in the longitudinal
direction of the optical fiber 11 by a slide mechanism 21 that
1s configured by, for example, a bearing or the like.

In the drawing shown as an example, the slide mechanism
21 1s provided on the clamp that 1s 1n front of the clamp 2A,
and the configuration in which slide movement 1s possible 1s
realized while the front and rear sides thereot coordinately
move.

Moreover, 1n the drawing shown as an example, the first
force-applying member 41 1s provided by disposing the total
four magnets (magnetic member) near the slide mechanism
21 provided at one clamp 2A, the clamp 2A 1s 1n a state of
being pulled 1n the left direction 1n the drawing, that 1s, 1n the
backward movement direction 1 which it i1s possible to
apply a tension to the optical fiber 11.

As described above, this tension 1s a weak force such as
several tens of gf.

On the other hand, a strong force such as several hundreds
of gi 1s applied to each of the openable-and-closable side of
the paired right and left clamps 2A and 2B and one heater 3A
by the fifth force-applying member 45 (refer to FI1G. 29) and
the second force-applying member 42; however, they are in
a state of being opened by pressure of the first cam mecha-
nism 71 the third cam mechanism 73 which are provided in
the camshaft 7 in FIG. 6.

Additionally, the cam mechanisms such as the first cam

mechanism 71, the third cam mechanism 73, and the like are
different from each other 1n configuration.
Next, as shown in FIG. 7, when the camshaft begins to
rotate, firstly, the openable-and-closable clamp of the paired
right and left clamps 2A and 2B 1s closed, and the first cam
mechanism 71 and the paired right and left clamps 2A and
2B are 1n a non-contact state.

As stated above, since the first cam mechanism 71 and the
openable-and-closable side of the paired right and leit
clamps 2A and 2B are 1n a non-contact state, the paired right
and left clamps 2A and 2B grasp the optical fiber 11 by a
pressing force of several hundreds of gi by the fifth force-
applying member 45.

Subsequently, as shown i FIG. 8, when the camshaift 7
turther rotates, the second cam mechanism 72 that 1s posi-
tioned close to one clamp 2A and both the fixed-side and the
openable-and-closable side of one clamp 2A are 1n a non-
contact state, the entire one clamp 2A 1s movable in the
backward movement direction (the left side 1n the drawing),
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and therefore, a tension due to the first force-applying
member 41 1s applied to the optical fiber 11.

At this time, a slack of the optical fiber 11, that is, the
lowering of the position of the sleeve 12 in the vertical
direction thereot, can be removed by slide movement of one
clamp 2A 1n the backward movement direction.

Here, the backward movable range K occurs and 1s
ensured 1n addition to the forward movable range Z 1n one
clamp 2A.

Consequently, one clamp 2A 1s 1n a state of being capable
of moving back and forth in the longitudinal direction of the
optical fiber 11.

Because of this, 1t 1s possible to control a tension to be
constant in a state 1 which a slack of the optical fiber 11

does not occur.

After that, as shown in FIG. 9, the camshaft 7 further
rotates, the third cam mechanism 73 does not comes into
contact with the heater attachment base 31A, and the sleeve
12 1s sandwiched between two heaters 3A and 3B that are
disposed on surfaces of the heater attachment bases 31 A and

31B and 1s 1n a state of being pressed by a pressing force of
several hundreds of gf by the second force-applying member
42.

In this state, the rotation of the camshait 7 1s stopped.

In such a state, an operation of heat shrinking the sleeve
12 begins by two heaters 3A and 3B.

Belore long, as shown 1n FIG. 10, shrinkage of the sleeve
12 1s completed.

At this time, during shrinkage of the sleeve 12, the sleeve
12 and the optical fiber 11 move in the direction of the other
heater 3B while being pressed by a force of several hundreds
of gf. However, since one clamp 2A slidably moves 1n the
forward movement direction (the right side 1n the drawing),
a tension that 1s to be applied to the optical fiber 11 can be
maintained constant such as several tens of gf.

The amount of time for heating the sleeve 12 1n a pressing,
state as shown 1n FIG. 10 varies depending on the kinds of
sleeve 12.

For this reason, 1n advance, an operator specifies the kinds
of sleeve 1n a heating controller which 1s not shown i the
figure.

As the heating controller performs a control of extension
or shortening of the heating time which 1s due to an outdoor
temperature or a battery voltage based on the specified
information according to the kinds of sleeve, shrinkage of
the sleeve 12 1s carried out at an optimal temperature
(generally, 200 to 240° C.) and for an optimal heating time.

This 1s a typical example of heating control.

After heating by the two heaters 3 1s carried out for an
optimal time, the heating by the heaters 3 are stopped.

Subsequently, as shown in FIG. 11, as the camshaft 7
turther rotates, the openable-and-closable side of the paired
right and left clamps 2A and 2B 1s opened by the first cam
mechanmism 71, the optical fiber 11 1s released from a
grasping state.

Moreover, as the heater attachment base 31A to which one
heater 3 A 1s attached 1s opened by pressure of the third cam
mechanism 73, the sleeve 12 1s separated from the two
heaters 3A and 3B and 1s 1n a state of being released from
pressure.

Furthermore, 1n order to shorten the amount of time of
heating the sleeve by the reinforcing heating device, short-
ening of the cooling time 1s also of importance.

As the sleeve 12 moves separately from the heaters 3, heat
transier of remaining heat of the heaters 3 to the sleeve 12
1s blocked; furthermore, as a cold air flows into the internal
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side of the reinforcing heating device 1, i1t 1s possible to
rapidly cool down the sleeve 12 having a high temperature
which 1s due to heating.

Additionally, as a result of adopting a constitution that 1s
provided with a small fan or the like, a cold air 1s effectively
introduced thereinto from outside, and it i1s possible to
turther reduce the cooling time.

In the embodiment, as a result of ensuring the backward
movable range K of one clamp 2A serving as a slhide
movable side as described above, even 1n a case where the
optical fiber 11 1s set (grasped) so as to have a slack, a
tension 1s applied to the optical fiber 11, and 1t 1s possible to
climinate the slack.

Accordingly, the sleeve 12 1s not displaced downward 1n,
for example, the vertically downward direction, the sleeve
12 1s held by the heater 3 A near a substantially center thereof
and can be efliciently heated.

Moreover, as a result of ensuring the forward movable
range 7 of one clamp 2A, even where the optical fiber 11
receives a large pressure ifrom the heater 3, one clamp 2A
moves 1n a forward movement direction, and therefore, 1t 1s
possible to protect the optical fiber 11 while an excessive
tension 1s not applied thereto.

In addition, the invention 1s not limited to the atoremen-
tioned example.

For example, a plurality of heater circuits which are
configured by a ceramic heater may be implanted to the
two heaters 3A and 3B, or a film heater may also be adopted,
and furthermore, a constitution using a metal heat-transfer
plate to which such heater circuits are attached may also be
adopted.

Furthermore, a constitution 1n which a plurality of heater
circuits are provided on both two heaters 3A and 3B may
also be adopted, or a constitution i which it 1s provided on
only one side thereof may also be adopted.

Moreover, one heater 3A 1s only driven in the constitution
of the embodiment; however, a constitution in which both
two heaters 3A and 3B are driven may also be adopted.

In addition, a method of driving a heater 1s not particularly
limited, for example, a slide drive unit may be adopted, and
a rotational slide system 1n which a fulcrum point 1s located
at the position that 1s far from the heater portion may also be
adopted as an example shown 1n FIG. 4 or the like.

Additionally, the second force-applying member 42 that
presses one heater 3A may use a repulsion force by a magnet
(magnetic member) or may use a torsion coil spring or the
like as an example shown 1n FIG. 4 or the like.

Furthermore, 1n the case where an electromagnet 1s used
as the second force-applying member 42, the electrical
current that 1s applied to the electromagnetic coil 1s a drive
source, and a constitution which controls an applied force by
the electromagnet 1n accordance with the applied current and
presses one heater 3A may also be adopted.

Also, the slide portion of a slide movable clamp 1s not
particularly limited. As shown in FIG. 6 or the like, the left
clamp 2A may also be configured to be only slide-movable
or both the paired right and left clamps 2A and 2B may also
be configured to be slide-movable.

In addition, a slide mechamism of the slide movable clamp
1s not particularly limited. For example, a slide drive unit
using an expensive bearing shown i FIG. 6 or the like may
also be adopted or a rotational slide system 1n which a
tulcrum point 1s located at the position that 1s far from the
clamp may also be adopted as an example shown in FIG. 4
or the like.

Furthermore, the first force-applying member 41 that
presses the slide portion of the slide movable clamp by a
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force for applying a tension to the optical fiber 11 1s not
particularly limited. A magnet (magnetic member) as shown
in FIG. 6 or the like may also be used, or an elastic member
such as a compression coil spring may also be used.

Additionally, the openable-and-closable portions of the
paired right and left clamps 2A and 2B 1s not particularly
limited, the front side thereotf or the rear side thereof may be
only opened and closed, and both the front and back sides
may also be opened and closed.

Moreover, the fifth force-applying member 435 (refer to
FIG. 29) providing a force that grasps the optical fiber 11 at
the openable-and-closable sides of the paired right and left
clamps 2A and 2B 1s not particularly limited; and the
member may use a repulsion force by a magnet (magnetic
member) or may use a torsion coil spring or the like as an
example shown 1n FIG. 4 or the like.

Additionally, each cam mechanism 1s not also particularly
limited to this, as described above, a constitution in which a
plurality of cam mechanisms are provided on the same the
camshaft 7 and on the same axis may also be adopted, or a
constitution 1 which a plurality of axes are provided using
a plurality of camshafts may also be adopted.

Furthermore, the cam mechanism 1s not only limited to
the above, a forward-and-rearward drive mechanism using,
for example, a screw mechanism (including a micrometer),
a magnetic force drive mechanism that turns on or oil an
clectromagnet, a drive mechanism using a lever and a
solenoid, or the like may be used.

(Other Example of Operation of Reinforcing Heating
Device)

Next, one modified example according to the embodiment
will be described.

In the embodiment, 1n order to prevent the lowering of the
sleeve 12 1n the vertically downward direction which 1s due
to a slack of the optical fiber 11 as examples shown in FIGS.
12 and 13, a configuration of at least one of the two heaters
may be configured to have an L-shape 1n cross section which
shown as an example 1n the drawing.

In an example shown in the drawing, a fixed-side heater
93B of two heaters 93A and 93B 1s formed 1n an L-shape.
FIGS. 12 and 13 show the case where a sleeve 12 having a
large diameter 1s provided and the case where a sleeve 12
having a small diameter 1s provided, respectively.

In the case of the foregoing configurations, there are
disadvantages that the heat capacity increases as the heater
becomes larger, and a rate of temperature increase thereby
becomes low, or 1n the case where the sleeve 12 having a
small diameter 1s disposed as shown i FIG. 13 as an
example, the position of the sleeve 12 becomes low, and
heating cannot be carried out at the center of the heater.

However, as a result of adopting the heater structure
shown in FIGS. 12 and 13, 1t 15 also possible to omit the first
cam mechanism 71 1n the constitution of the reinforcing
heating device as 1llustrated in FIGS. 4 and 6 to 11, and a
simplified structure can be achieved.

In other cases, as a configuration for preventing the sleeve
12 from lowering, not only the aforementioned heater which
1s formed 1n an L-shape but also a constitution 1n which, for
example, a metal sheet formed in an L-shape 1s provided
may be adopted.

As stated above, 1t 1s not necessary for the L-shaped
constitution to be applied to part of the heater, and the
constitution may be a member that 1s independent from the
heater.

Steps 1n the case where the above-mentioned constitution
that prevent the optical fiber 11 from lowering 1s adopted and
ellects of diminishing and reducing the strong pressing force
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by the heaters will be described with reference to mainly
FIGS. 14 to 17 that show schematic views (also refer to FIG.
4).

A remforcing heating device shown in FIGS. 14 to 17 1s
different from the aforementioned reinforcing heating
device shown in FIGS. 6 to 11 1n that a cam mechanism (the
second cam mechanism 72) that restricts one clamp 2A from
moving in the backward movement direction 1s not present
and 1n that, since this cam mechanism 1s not provided, one
clamp 2A comes into contact with a stopper 51 in the
backward movement direction in an initial state, and a
backward movable range 1s not provided.

In addition, in the drawing shown as an example, for
convenience of explanation, an L-shaped heater 1s not
shown 1n the figure (refer to FIGS. 12 and 13).

First of all, as shown i FIG. 14, the optical fiber 11
having a spliced portion that 1s covered with the sleeve 12
1s 1nserted between the paired right and leit clamps 2A and
2B.

Subsequently, as shown 1n FIG. 15, rotation of the cam-
shaft 7 1s started, the openable-and-closable clamp of the
paired right and left clamps 2A and 2B 1s closed, the first
cam mechanism 71 and the paired right and left clamps 2A
and 2B are 1n a non-contact state, and the clamps 2A and 2B
grasp the optical fiber 11 by a pressing force of several
hundreds of gf.

At this time, the sleeve 12 1s supported by the fixed-side
heater 93B which 1s configured to have an L-shape and 1s not
particularly shown 1n the figure, and the sleeve 1s held on the
surface of the heater at a substantially proper position for
heating.

In contrast, 1n this state, a slack of the optical fiber 11
remains.

Next, as shown 1n FIG. 16, when the camshaft 7 further
rotates, the sleeve 12 1s pressed by the openable-and-
closable heater 93A belfore being heated, the sleeve moves
to the fixed-side heater 93B, and the optical fiber 11 also
moves 1n accordance with this.

Alternatively, the sleeve 12 1s deformed after the start of
heating by the heaters 93 A and 93B, and the optical fiber 11
also moves 1n accordance with this.

According to the above-mentioned operation, a slack of
the optical fiber 11 1s removed, and one clamp 2A slidably
moves 1n the forward movement direction 1n a form 1n which
the optical fiber 11 1s pulled.

Therefore, as shown 1n the drawing, the backward mov-
able range K 1n addition to the forward movable range Z 1s
ensured 1n one clamp 2A.

For this reason, since one clamp 2A 1s 1n a state of being
capable of moving forth and back 1n the longitudinal direc-
tion of the optical fiber 11, a tension can be controlled to be
constant 1n a state 1n which a slack 1s not present in the
optical fiber 11.

The later steps after the above are the same as 1n the case
of the above explanation with reference to FIGS. 6 to 11 and
an operation of shrinking the sleeve 12 by heating by use of
the heaters 93 A and 93B 1s carried out.

Next, the shrinkage of the sleeve 12 1s completed as
shown 1 FIG. 17, the optical fiber 11 1s pressed by a force
of several hundreds of gif in accordance with the shrinkage
of the sleeve 12 and moves to the fixed-side heater 93B:;
however, as one clamp 2A slidably moves 1n the forward
movement direction, a tension that 1s applied to the optical
fiber 11 can be maintained constant such as several tens of
of.

Additionally, 1n the modified example, steps of driving
and releasing of the openable-and-closable clamp of the
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paired right and left clamps 2A and 2B and the openable-
and-closable heater 93 A, a cooling step after heating, or the
like are the same as the above, and are omitted here.

Other Modified Example

Hereinbelow, the other modified example of the embodi-
ment will be described.

Heremnbelow, explanation will be described below with
reterence to FIGS. 4 to 17.

In the embodiment, 1n the aforementioned configuration

shown 1 FIG. 6 or the like, the pressing force with respect
to the sleeve 12 which 1s due to the two heaters 3A and 3B
may be a pressing force exceeding a tension under a rupture
cvaluation test of the spliced portion 11A at which the
optical fiber 11 1s tusion-spliced.

Here, a strength of the optical fiber fusion splicer portion
under the rupture evaluation test 1s generally approximately
200 gf whereas a pressing force of the second force-applying
member 1s approximately 500 gf.

In the embodiment, since the constitution that can control
the above-described tension i1s provided, it 1s possible to
cause the pressing force with respect to the sleeve 12 to
exceed a break tensile of the spliced portion 11A of the
optical fiber 11.

By means of this structure, 1t 1s possible to press the sleeve
12 by a suthicient force.

Moreover, the rupture evaluation test of the spliced por-
tion, which 1s described in the invention and at which optical
fibers are fusion-spliced, 1s a method of measuring a break
tensile ol the optical fiber spliced portion, generally, 1s
represented as a proof test force, and 1s used as a common
indicator that represents connectivity of an optical fiber
fusion splicer.

For example, in a fusion splicer having a wide range proot
test force, the tension thereof 1s 1n the range of 200 to 250
of (refer to Internet website; http://www.tujikura.co.jp/prod-
ucts/tele/o_1_splicers/td70005 html,  http://www.tujikura-
.co.jp/products/data/FSM-100-].pdt, or the like).

In addition, 1n the above-mentioned constitution of the
embodiment, 1t 1s more preferable that the pressing faces of
the two heaters 3A and 3B which faces each other so as to
sandwich the sleeve 12 be arranged in a substantially
vertical direction and the tensile strength member 13 be
always arranged 1n a substantially downward direction by
utilizing the weight of the tensile strength member 13 that 1s
inserted into the sleeve 12 from the point where the direction
of the sleeve 12 can be consistent such that the sleeve 1s 1n
the position graphically shown 1n, for example, FIGS. 5 (a)
and (b).

Particularly, “substantially vertical” means that 1t 1s sub-
stantially vertical to a horizontal plane.

The pressing face that 1s arranged in a substantially
vertical direction may be a surface that intersects with, for
example, the horizontal plane by an angle of 90°£10°.

The pressing face may be a surface that intersects with,
for example, the horizontal plane at an angle of 90°+£30°.

In the embodiment, a backward movement stopper that
restricts a movement ol the clamp in the backward move-
ment direction may be provided and the backward move-
ment stopper may be configured to be retractable.

As shown in FIGS. 14 to 17, a backward movement
stopper 31 may be used as the backward movement stopper.

A heater attachment base 31B shown 1n FIG. 14 views (a)
and (b) has a back wall 31Bb that faces a back surface of the
clamp 2A (fixed-side).
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The back wall 31Bb 1s movable 1n a front-back direction
with respect to the other portion of the heater attachment

base 31B.

The backward movement stopper 51 1s provided on a
front surface of the back wall 31Bb.

As shown 1n FIG. 14 view (a), firstly, before the optical
fiber 11 1s grasped, one clamp 2A moves separately from the
heater 3 by the first force-applying member 41 and comes
into contact with the backward movement stopper 31, a

movable range 1s ensured only 1n the forward movement
direction.

In a state 1n which the paired right and left clamps 2A and
2B grasp the optical fiber 11 and a tension 1s not applied to
the optical fiber 11, immediately after the optical fiber 11 1s
grasped, or at the time of starting of pressing drive with
respect to the sleeve 12 by the heater 3, or before or after the
time of the starting of the pressing drive, the backward
movement stopper 51 1s retracted.

In order to retract the backward movement stopper 51, the
back wall 31Bb 1s only necessary to move in the backward
movement direction (in a direction away from the clamp
2A).

Because of this, 1n a state 1n which a tension 1s applied to
the optical fiber 11, after the backward movable range in
addition to the forward movable range of one clamp 2A 1s
ensured, 1t 1s possible to press the sleeve 12 by the heater 3.

In other cases, a constitution that allows the backward
movement stopper to retract 1s not limited to the example
shown 1n the drawing.

For example, a constitution that allows the backward
movement stopper 51 to be removed from the other portion
of the heater attachment base 31B may also be adopted.

In this case, the above retraction 1s possible by removing
the backward movement stopper 51.

In the embodiment, a forward movement stopper that
restricts a movement of the clamp 2A 1n the forward
movement direction may be provided and the forward
movement stopper may be configured to be retractable.

In FIG. 14 view (a), reference numeral 52 represents the
forward movement stopper.

The heater attachment base 31B shown 1n FIG. 14 views
(a) and (c) has a front wall 31Bc on an attachment base 31Ba
that faces a front surface of the clamp 2A (fixed side).

The front wall 31Bc¢ 1s movable 1 a front-back direction
with respect to the other portion of the heater attachment
base 31B.

The forward movement stopper 32 1s provided on a back
surface of the front wall 31Bc.

Firstly, before the optical fiber 11 1s grasped, from a state
in which one clamp 2A 1s separated from the heaters 3 by the
first force-applying member 41 and i1s 1n contact with a
backward movement stopper to a state in which the clamp
moves forward until coming into contact with a forward
movement stopper and 1s maintained, 1n a state 1n which the
paired right and left clamps 2A and 2B grasp the optical fiber
11 and a tension 1s not applied to the optical fiber 11,
immediately after the optical fiber 11 1s grasped, or at the
time of starting of pressing drive with respect to the sleeve
12 by the heaters 3, or before or after the time of the starting
of the pressing drive, one clamp 2A 1s released from the
contacting state with respect to the forward movement
stopper and the forward movement stopper 1s retracted.

In the drawing shown as an example, in order to retract the
forward movement stopper 32, the front wall 31Bc 1s only
necessary to move in the forward movement direction (in a
direction away from the clamp 2A).
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Because of this, 1t 1s possible to provide a structure in
which, 1n a state in which a tension 1s applied to the optical
fiber 11, after the forward movable range 1n addition to the
backward movable range of one clamp 2A 1s ensured, the
sleeve 12 1s pressed by the hater 3.

Additionally, the second cam mechanism 72 that is the
same as the above may be used as the forward movement
stopper, and a structure using the backward movement
stopper 51 that 1s shown 1 FIGS. 14 to 17 and 1s formed 1n
the housing 5 may be adopted as the backward movement
stopper.

Retference numeral 52 represents the forward movement
stopper.

In the case of using a cam mechanism as the forward
movement stopper, 1t 1s possible to retract the forward
movement stopper by rotating the cam mechanism.

Furthermore, a configuration that 1s removed from the
other portion of the heater attachment base 31B may be
adopted as the forward movement stopper 52.

In this case, the retraction 1s possible by removing the
forward movement stopper 52.

Alternatively, a configuration described below may be
adopted 1n the embodiment.

Firstly, before the optical fiber 11 1s grasped, 1n a state 1n
which an applied force in a backward movement direction
away Irom the heater 3 i1s applied to one clamp 2A by the
first force-applying member 41 and 1n a state in which one
clamp 2A 1s stopped at the position away from an end of a
movable range thereof by a third force-applying member
(not shown 1n the figure) formed of an elastic member or a
magnetic member which 1s used to allow one clamp 2A to
move 1n a forward movement direction or a third force-
applying member that allows one clamp 2A to move 1n a
forward movement direction, 1n a state 1n which the paired
right and left clamps 2A and 2B grasp the optical fiber 11 and
a tension 1s not applied to the optical fiber 11, immediately
alter the optical fiber 11 1s grasped, or at the time of starting
of pressing drive with respect to the sleeve 12 by the heaters
3, or belore or after the time of the starting of the pressing
drive, an applied force of one of the clamps 1n the forward
movement direction decreases by the third force-applying
member, an applied force in the backward movement direc-
tion increases by the first force-applying member, or the
third force-applying member 1s retracted.

Consequently, 1n a state 1n which the paired right and left
clamps 2A and 2B apply a tension to the optical fiber 11,
alter the forward movable range 7 in addition to the back-

ward movable range K of one clamp 2A 1s ensured, a
constitution may be adopted which presses the sleeve 12 by
the heaters 3.

Here, as a method of controlling the applied force of the
first force-applying member 41 or the third force-applying
member that 1s not shown 1n the figure to be stronger or
weaker, 1n the case of using a magnetic member 1 each
force-applying member, for example, a method of control-
ling a current value that 1s to be applied to an electromagnet
or a method of moving the position of a permanent magnet.

In addition, 1n the case of using an elastic member 1n each
force-applying member, for example, a method of moving
one end of the spring serving as an elastic member 1s
adopted.

For example, in a state in which one end of a spring 1s
used as a fixed end, where the other end thereot is in contact
with a clamp, and where the clamp 1s pressed by an elastic
force of the compressed spring, as a result of compressing
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the spring so that one end of the spring moves 1n a direction
of approaching the other end thereof, 1t 1s possible to
increase the applied force.

Moreover, as a result of releasing the compression so that
one end of the spring moves 1n a direction away from the
other end thereot, it 1s possible to weaken the applied force.

Alternatively, a configuration described below may be
adopted 1n the embodiment.

Firstly, both the paired clamps 2A and 2B which are not
particularly shown 1n the figure are movable back and forth
in the longitudinal direction of the optical fiber 11, in a state
in which one clamp 2A moves separately from the heater 3
by the first force-applying member 41 and comes into
contact with the backward movement stopper (refer to
reference numeral 51 show 1n FIG. 14 or the like) betore the
optical fiber 11 1s grasped, 1n a state 1n which a movable
range 1s ensured only in the forward movement direction,
and 1n a state 1 which the other clamp 2B moves forward
to the heater side 3 before the optical fiber 11 1s grasped, the
paired right and left clamps 2A and 2B grasp the optical fiber
11, and the optical fiber 11 1s 1n a state 1n which a tension 1s
not applied thereto.

Thereafter, the other clamp 2B 1s started to move 1n the
backward movement direction away from the heater side 3,
one clamp 2A moves 1n a forward movement direction by
the tension via the optical fiber 11, the movement of the
other clamp 2B 1s stopped at the position away from the end
of the movable range of one clamp 2A, therefore, 1n a state
in which a tension 1s applied to the optical fiber 11, after the
forward movable range Z in addition to the backward
movable range K of one clamp 2A 1s ensured, a constitution
may be adopted in which the heater 3 presses the sleeve 12.

Alternatively, a configuration described below may be
adopted 1n the embodiment.

Firstly, before the optical fiber 11 1s grasped, 1n a state in
which one clamp 2A 1s separated from the heaters 3 by the
first force-applying member 41 and i1s 1n contact with a
backward movement stopper (refer to reference numeral 51
shown 1n FIG. 14 or the like) and a movable range 1s ensured
only in the forward movement direction and in a state in
which the paired right and left clamps 2A and 2B grasp the
optical fiber 11 and a tension 1s not applied to the optical
fiber 11, the heaters 3 press the sleeve 12 by a pressing force
by the second force-applying member 42 which 1s greater
than a tension that is to be applied to the optical fiber 11 by
the first force-applying member 41.

In addition, a configuration may also be adopted 1n which,
as a result of moving the optical fiber 11 1n a pressing
direction which 1s due to movement of the sleeve 12 or
deformation of the sleeve 12 after starting of the press, one
clamp 2A 1s drawn to a forward movement direction by a
tension due to movement of the optical fiber 11, one clamp
2 A 15 configured so as to be stopped at a position away from
an end of a movable range, therefore, 1n a state 1n which a
tension 1s applied to the optical fiber 11 by the {first force-
applying member 41, a forward movable range Z 1s ensured
in addition to a backward movable range K of one clamp 2A,
and thereafter, the heaters 3 heat the sleeve 12.

A configuration described below may be adopted 1n the
embodiment.

Particularly, 1dentical reference numerals are used for the

clements which are described above, and the detailed expla-

nations thereol are omitted here.

A reinforcing heating device shown in FI1G. 34 1s different
from the remnforcing heating device shown 1n FIGS. 6 to 11
in that a cam mechanism (the second cam mechanism 72)

that restricts one clamp 2A from moving in the backward
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movement direction 1s not present, in that a protrusion 150
1s formed at the openable-and-closable side 2Ab of the
clamp 2A, and 1n that a control wall 151 1s provided on the
heater attachment base 31B.

The protrusion 150 of the openable-and-closable side 2Ab
includes: an extended portion 152 that extends from the rear
edge of the openable-and-closable side 2Ab toward the
heater attachment base 31B; and an insertion protrusion 153
that protrudes rearward from the back surface of the front
end of the extended portion 152.

The upper face 153a of the external surface of the
insertion protrusion 153 1s an inclined surface that lowers as
approaching the rear (the left side in the drawing).

The control wall 151 1s placed upright at the rear edge of
the heater attachment base 31B, and a receiving recess 155
that can receirve the msertion protrusion 153 1s formed on the
front surface 151a thereof.

The upper face 1554 of the 1mner surface of the receiving
recess 155 1s an inclined surface that lowers as approaching
the rear (the left side 1n the drawing).

In an 1n1tial state of the control wall 151 (refer to FIG. 34),
the front surface 151a 1s 1n contact with the insertion
protrusion 153 and thereby restricts a backward movement
of the clamp 2A.

The reinforcing heating device shown as this example 1s
provided with a force-applying mechanism 41 (first force-
applying member) that applies a tension to the optical fiber
11.

The force-applying mechanism 41 includes a forward
force-applying mechanism 41 A and a rearward force-apply-
ing mechanism 41B.

The forward force-applying mechanism 41A includes
force-applying members 41a and 415 which are provided at
a front-edge face of a fixed-side 2Aa of the clamp 2A and the
attachment base 31Ba of the heater attachment base 31B,
respectively.

The force-applying members 41a and 415 are magnetic
members such as a permanent magnet or an electromagnet
and have the same magnetic pole as each other.

In the drawing shown as an example, both the force-
applying members 41a and 415 have a north polarnty.

The rearward force-applying mechamism 41B includes

force-applying members 41¢ and 414 which are provided at
the rear-edge face of the fixed-side 2Aa of the clamp 2A and
the back wall 31Bb of the heater attachment base 31B,
respectively.

The force-applying members 41¢ and 41d are magnetic
members having magnetic poles different from each other.

In the drawing shown as an example, the force-applying
member 41c¢ has a north polarity and the force-applying
member 414 has a south polarity.

Due to the repulsive force between the force-applying
members 41a and 415 and the attractive force between the
force-applying members 41¢ and 414, a force 1s applied
backward to the clamp 2A, and a tension 1s applied to the
optical fiber 11.

The protrusion 150 and the control wall 151 that includes
the recerving recess 155 and the front surface 151a consti-
tute a mechanism (a tension mechanism or a tensile control
device) that controls the pulling of the optical fiber 11 (and
the stopping thereol) by the force-applying mechamism 41
based on an operation of grasping the optical fiber 11 by the
clamp 2A.

In the reinforcing heating device shown as this example,
the motor 6 controls the clamp 2A by the first cam mecha-
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nism 71 and by a force of the fifth force-applying member
45 and the tension mechanism 1s controlled by the operation
of the clamp 2A.

As shown 1n FIG. 35, when the camshaft 7 rotates, the
openable-and-closable side 2Ab of the clamp 2A moves 1n
a direction of approaching the fixed-side 2Aa thereot, and
clamping bodies 26 and 26 grasp the optical fiber 11.

As shown 1n FIG. 36, 1n accordance with the movement
of the openable-and-closable side 2Ab, the protrusion 150
lowers, the 1nsertion protrusion 153 reaches at the position
at which 1s can enter the recerving recess 155, therefore, the
clamp 2A is 1n a state of capable of moving back and forth
while the forward movable range 7 in addition to the
backward movable range K 1s ensured, and a tension 1s
applied to the optical fiber 11 by the force-applying mecha-
nism 41.

As shown 1n FIG. 37, in accordance with the displacement
of the third cam mechanism 73, the heater attachment base
31A approaches the heater attachment base 31B, the sleeve
12 1s sandwiched between the heaters 3A and 3B, and the
sleeve 12 1s thereby heat-shrunk.

As shown 1n FIG. 38, the sleeve 12 and the optical fiber
11 move toward the heater 3B in accordance with the
shrinkage of the sleeve 12; however, since the clamp 2A
slidably moves in the forward movement direction (the right
side 1n the drawing), a tension that 1s to be applied to the
optical fiber 11 1s not in large excess.

As shown 1n FIG. 39, when the heater attachment base
31 A moves 1n a direction away from the heater attachment
base 31B by the third cam mechanism 73, the sleeve 12 1s
released, the openable-and-closable side 2Ab of the clamp
2A moves 1n a direction away from the fixed-side 2Aa by the
first cam mechanism 71, and gripping of the optical fiber 11
1s released.

The protrusion 150 moves upward 1n accordance with the
movement ol the openable-and-closable side 2Ab, and the
insertion protrusion 153 returns to the position at which the
backward movement thereof 1s restricted by the control wall
151.

At this time, 1n the insertion protrusion 153, since the
upper face 153a moves upward along the inclination of the
upper tace 1535a of the receiving recess 155, 1t 1s smoothly
displaced from the receiving recess 155.

In addition, not shown 1n FIGS. 6 to 11 or the like but as
shown 1n FIG. 34 or the like, the openable-and-closable side
2Ab 1s provided with a force-applying member 2a that
presses the clamping body 26 clamping the optical fiber 11
in a direction to the clamping body 256 of the fixed-side 2Aa.

A configuration described below may be adopted 1n the
embodiment.

A reinforcing heating device shown in FIG. 40 1s different
from the remnforcing heating device shown 1n FIGS. 6 to 11
in that the second cam mechanism 72 1s not present, in that
a force-applying mechanism 141 (first force-applying mem-
ber) 1s provided, and 1n that a protrusion 160 that protrudes
in a direction of approaching the heater attachment base 31B
1s formed on the heater attachment base 31A.

The force-applying mechanism 141 1s used to apply to a
tension to the optical fiber 11 and includes a forward
force-applying mechanism 141A and a rearward force-
applying mechanism 141B.

The forward force-applying mechanism 141A includes
torce-applying members 141a and 1415 which are provided
at the front-edge face of the fixed-side 2Aa of the clamp 2A
and the attachment base 31Ba of the heater attachment base
31B, respectively.
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The force-applying members 141a and 1415 are magnetic
members such as a permanent magnet or an electromagnet
and have the same magnetic pole as each other.

In the drawing shown as an example, the force-applying
members 141a and 1415 have a north polarity.

The rearward force-applying mechanism 141B includes
force-applying members 141¢ and 1414 which are provided
at the rear-edge face of the fixed-side 2Aa of the clamp 2A
and the back wall 31Bb of the heater attachment base 31B,

respectively.

The force-applying members 141¢ and 1414 are magnetic
members having the same magnetic pole as each other.

In the drawing shown as an example, the force-applying
members 141¢ and 1414 have a north polanty.

In an 1nmitial state shown in FIG. 40, the forward movable
range 7. and the backward movable range K are ensured and
the clamp 2A 1s 1n a state of capable of moving back and
forth; however, the clamp 2A stays at this position due to the
repulsive force between the force-applying members 141a
and 1415 and the repulsive force between the force-applying
members 141¢ and 1414

A force-applying member 161 1s provided at the front end
of the protrusion 160.

The force-applying member 161 1s an magnetic member
having the same magnetic pole as that of the force-applying
member 141a.

In the drawing shown as an example, similar to the
force-applying member 141qa, the force-applying member
161 has a north polarity.

The protrusion 160 constitutes a mechanism (a tension
mechanism or a tensile control device) that controls increase
and decrease 1n a degree of the tension of the optical fiber 11
by the force-applying mechanism 41 based on an operation
of pressing the optical fiber 11 by the heater 3A.

In the reinforcing heating device shown as this example,
the motor 6 controls the heater 3A by the third cam mecha-
nism 73 and by a force of the second force-applying member
42, the tension mechanism 1s controlled by the operation of
the heater 3A.

As shown m FIG. 41, when the openable-and-closable
side 2Ab of the clamp 2A moves 1n a direction of approach-
ing the fixed-side 2Aa 1n accordance with rotation of the
camshait 7, the openable-and-closable side 2Ab and the
fixed-side 2Aa grasp the optical fiber 11.

In the state shown in this drawing, since the heater
attachment base 31A 1s separated from the heater attachment
base 31B, the force-applying member 161 of the protrusion
160 1s located at the position away from the force-applying
member 141a of the clamp 2A.

In this state, a tension that 1s to be applied to the optical
fiber 11 1s small.

As shown 1n FIG. 42, the heater attachment base 31A
approaches the heater attachment base 31B 1n accordance
with displacement of the third cam mechanism 73 which 1s
due to rotation of the camshafit 7, the force-applying member
161 of the protrusion 160 comes close to the force-applying
member 141a of the clamp 2A.

Since the force-applying member 161 has the same mag-
netic pole as that of the force-applying member 141a, a
repulsive force that 1s directed backward (the left side 1n the
drawing) 1s applied to the force-applying member 141a.

Consequently, a tension that 1s applied to the optical fiber
11 increases.

As shown in FIG. 43, the sleeve 12 1s sandwiched
between the heaters 3A and 3B, and the sleeve 12 1s
heat-shrunk.
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The sleeve 12 and the optical fiber 11 move toward the
heater 3B 1n accordance with the shrinkage of the sleeve 12;

however, since the clamp 2A slidably moves 1in the forward
movement direction (the right side in the drawing), a tension
that 1s to be applied to the optical fiber 11 1s not 1n large
eXCess.

As shown in FIG. 44, the heater attachment base 31A
moves 1n a direction away from the heater attachment base
31B by the third cam mechanism 73, the sleeve 12 1s
released, the openable-and-closable side 2Ab of the clamp
2A moves 1n a direction away from the fixed-side 2Aa by the
first cam mechanism 71, and gripping of the optical fiber 11
1s released.

(Action and Effect)
According to the optical-fiber-spliced portion reinforcing

heating device 1 of the first embodiment of the invention
described above, when the sleeve 12 1s sandwiched between
two heaters 3A and 3B and is heat shrunk, breaking of the
optical fiber 11 or degradation 1n long-term reliability
thereol 1s prevented by releasing an excessive tension that 1s
to be applied to the optical fiber 11, and a device 1s prevented
from being larger 1n size.

Consequently, 1t 1s possible to heat-shrink the sleeve 12 in
a shorter amount of time with a high level of reliability, and

an optical-fiber-spliced portion reinforcing heating device 1
having a high level of handleability can be realized.

Second Embodiment

Hereinbelow, a second embodiment of the invention will
be described with reference to an example shown 1n each
drawing.

Particularly, the embodiment will be partially described

with reference to the same drawings shown in the afore-
mentioned first embodiment, identical reference numerals
are used for the common elements which are described
above, for example, the paired right and left clamps 2A and
2B, two heaters 3A and 3B, or the like, and the detailed
explanations thereof are omitted here.

In the embodiment, as shown in FIG. 4 (also refer to FIG.
6), the pair of right and lett clamps 2 (2A, 2B) which grasp
the optical fiber 11 and are the same as 1n the case of the first
embodiment, two heaters 3 (3A, 3B) which press and heat
the sleeve 12 that covers the coating-removed portion of the
optical fiber 11, and the second force-applying member 42
that applies a pressing force to at least one or more of the two
heaters 3A and 3B by use of one of an elastic member and
a magnetic member with the sleeve 12 interposed therebe-
tween 1n accordance with control of the motor 6 where the
heaters are arranged opposite to each other with the sleeve
12 interposed therebetween are provided.

Specifically, in addition to the above-description, the
reinforcing heating device 1 according to the embodiment 1s
characterized to include: a first operation member 81 (a
mechanism that operates to sandwich an optical fiber) that
operates the first cam mechanism 71 rotationally driven by
the motor 6 so as to operate the fifth force-applying member
45 (reter to FIG. 29) that 1s to be displaced in accordance
with a motion of the first cam mechanism 71 and 1s formed
of an elastic member or a magnetic member and so that the
fifth force-applying member presses the optical fiber 11 1n
the direction in which the paired right and leit clamps 2A
and 2B sandwich and grasp the optical fiber by the displace-
ment; and a third operation member 83 (a mechamism that
operates to sandwich a sleeve) that operates the third cam
mechanism 73 that 1s provided on the camshait 7 on the
same axis as that of the first cam mechanism 71 and 1s
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rotationally driven by control of the same motor 6 so as to
operate the second force-applying member 42 that 1s to be
displaced in accordance with a motion of the third cam
mechanism 73 and so that the second force-applying mem-
ber presses the sleeve 12 in the direction in which two
heaters 3A and 3B sandwich and press by the displacement.

Furthermore, 1n the second embodiment, an example 1s
adopted which 1s similar to the above-mentioned (first
embodiment and which includes: the first force-applying
member 41 that presses at least one of the clamps 2 1n the
direction in which a tension 1s applied to the optical fiber 11;
and a second operation member 82 that operates the second
cam mechanism 72 that 1s provided on the camshaift 7 on the
same axis as that of the first cam mechanism 71 and 1s
rotationally driven by the motor 6 so as to operate a first
force-applying member 71 that 1s to be displaced 1n accor-
dance with a motion of the second cam mechanism 72 and
so that the first force-applying member applies a tension to
the optical fiber 11 by the displacement.

Additionally, similar to the first embodiment, the second
embodiment will be described with reference to a constitu-
tion as an example 1n which the pressing force with respect
to the sleeve 12 by the second force-applying member 42 1s
greater than the tension to the optical fiber 11 by the first
force-applying member 41; 1n a state in which a tension 1s
applied to the optical fiber 11 by the first force-applying
member 41, the backward movable range K 1n a direction
away from the heaters 3 1n the longitudinal direction of the
optical fiber 11 1s ensured and the forward movable range Z
in which one clamp 2A that applies a tension can move to the
heater side 3 1s ensured; and the clamp 2A moves in the
direction 1n which the tension that 1s to be applied to the
optical fiber 11 as a result of pressing the sleeve 12 by the
heaters 3 and by the second force-applying member 42 1s
diminished.

Moreover, 1n the embodiment, each operation member
(each operation mechanism) which will be described later 1n
addition to the above-described first operation member 81 or
the third operation member 83 will be explained with
reference to an example configuration having a lever-shaped
member.

Furthermore, in the explanation described below, a rein-
forcing heating device according to the second embodiment

will be mainly explained 1n that it 1s different from the case
ol the aforementioned first embodiment.
(Camshait and Each Cam Mechanism)

The reinforcing heating device 1 according to the embodi-
ment 1s different from the above-mentioned first embodi-
ment 1 that cam mechanisms, each of which will be
particularly described later, are provided on the camshait 7
rotationally driven by the motor 6 and in that each of
operations of opening and closing the openable-and-closable
side of the paired right and left clamps 2A and 2B, opera-
tions of opening and closing one heater 3A, a slide move-
ment of one clamp 2A 1n the longitudinal direction of the
optical fiber 11 (a direction 1n which a tension 1s adjusted),
and operations of opening and closing the lid 10 1s driven
and carried out by a corresponding force-applying member
by use of the operation member that 1s displaced in accor-
dance with a motion of the above cam mechanism.

Heremnbelow, cam mechanisms which are adopted in the
reinforcing heating device according to the embodiment will

be described with reference to a breakaway view shown in
FI1G. 4, a front view shown 1n FIG. 23, and FIG. 24 views

(a) and (b) to FIG. 28 views (a) and (b).
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As shown 1n FIG. 4, four types and seven cam mecha-
nisms are mounted on one camshait 7 and are arranged in
order from the left side in the drawing as follows.

Particularly, in the configuration shown in the drawing as
an example, an auxiliary movement lever which will be
described later 1s not provided, and a drive torque inversion
mechanism 1s not provided 1s shown.

(1) fourth cam mechamsm 74 (opening and closing the lid
10)

(2) first cam mechamism 71 (opening and closing the one
clamp 2A)

(3) second cam mechanism 72 (backward movement stopper
used to apply a tension of one clamp 2A)

(4) third cam mechanism 73 (opening and closing one heater
3A)

(5) third cam mechanism 73 (opening and closing one heater
3A)

(6) first cam mechanism 71 (opening and closing the other
clamp 2B)

(7) fourth cam mechamsm 74 (opening and closing the lid
10)

Here, each cam mechanism that 1s provided on the cam-
shaft 7 of the reinforcing heating device 1 which 1s described
in the embodiment 1s not limited to a rotation cam-shaped
configuration formed shown as an example in the drawing
and may include, for example, a so-called spiral-shaped
configuration having a contact face that varies in the longi-
tudinal direction of the camshaft.

Furthermore, the cam mechanism which 1s described 1n
the nvention 1s not limited to a mechanism shown as an
example 1n the drawing and may include, for example, a
structure 1n which a rotation lever-shaped member 1s pro-
vided on the camshaft.

Moreover, 1n a configuration of the embodiment, rotation
of the motor 6 serving as a drive source 1s transmitted
through a gear wheel mechanism 61 to the camshatt 7 and
cach cam mechanism.

(Two Heaters)

In the embodiment, similar to the first embodiment, it 1s
only necessary that one of two heaters 3A and 3B 1s
configured to be driven by the motor 6 so as to be openable
and closable.

As long as the two heaters 3A and 3B are configured such

that one thereot 1s movable and driven and the other thereof

1s fixed, the movable mechanism of the heater, or an elastic
member or a magnetic member which presses the heater can
be provided only on one of the heaters, and therefore, the
device can be reduced 1n size.

Particularly, the other heater 3B (fixed-side) shown in
FIG. 6 or the like 1s not shown 1n a breakaway view of FIG.
4, and one heater 3A serving as an openable-and-closable
side 1s only shown therein. It 1s only necessary that, the back
side or the front side in FIG. 4 1s adequately selected and the
positional relationship between the two heaters 3A and 3B 1s
adopted 1n the selected side.

(Pair of Right and Left Clamps)

FIGS. 29 and 30 are partial breakaway views particularly
showing one clamp 2A of the reinforcing heating device 1
shown 1n FIG. 4 and a surround mechamsm thereof.
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The first operation member 81 i1s driven by the first cam
mechanism 71 and carries out operations of opening and
closing one clamp 2A as a result of being pressed by the fifth
force-applying member 45 formed by a torsion coil spring.

In addition, a grasping rubber 25 used to directly grasp the
optical fiber 11 1s provided on one clamp 2A and is also
similarly applied to the other clamp 2B which 1s not shown
in FIG. 29.

Furthermore, as shown i FIGS. 29 and 30, the paired
right and left clamps 2A and 2B are configured to slidably
move 1n the longitudinal direction of the optical fiber 11
around a slide support 82a.

Also, the first force-applying member 41 which 1s used to
allow the paired right and left clamps 2A and 2B to move 1n
the backward movement direction so as to apply a tension to
the optical fiber 11 and which 1s formed of a compression
coil spring (elastic member) 1s provided to press the second
operation member 82 (and the first operation member 81).

Additionally, the backward movement stopper 31, that
restricts a movement of the paired right and left clamps 2A
and 2B in the backward movement direction thereof when
the optical fiber 11 1s grasped by the paired right and left
clamps 2A and 2B, 1s provided at the first operation member
81.

When the optical fiber 11 1s grasped by the operations of
opening and closing the paired right and left clamps 2A and
2B, the backward movement stopper 51 restricts the move-
ment of the paired right and left clamps 2A and 2B in the
backward movement direction thereof by being in contact
with the second cam mechanism 72 provided on the cam-
shait 7.

Consequently, 1n the constitution, after the optical fiber 11
1s grasped, the contacting state between the second cam
mechanism 72 and the backward movement stopper 51 1s
released, 1t 1s possible to apply a tension to the optical fiber
11 by the first force-applying member 41 as a result of
releasing the paired right and left clamps 2A and 2B to be
movable 1n the backward movement direction thereof.
(Other Configuration of Each Element and Operation Mode)

In the embodiment, as shown in FIG. 18 as an example,
the third operation member 83 can be configured to function
as a heater attachment base on which the openable and
closable heater 3A 1s provided and to be driven to rotate
around the rotation support 83a.

In the first embodiment, the heater attachment base which
1s described with reference to FIG. 6 or the like uses a slide
movable system. However, balance of the first point of
action at which the heater 3 presses the sleeve 12, the second
point of action at which the heater 3A (heater attachment
base) presses a driving body (third cam mechanism), and the
point of effort at which the second force-applying member
42 presses the heater 3A (heater attachment base) varies with
conditions.

Because of this, a force 1s easy to work 1n a direction
(torsion) in which the heater attachment base 1s inclined 1n
the slide movable system. If a slide guide mechanism having
a resistance to torsion or a member such as a linear bearing
1s not provided on a heater movable mechanism, the move-
ment of the heater attachment base does not become smooth.
In the case of using the above-described mechanism or the
member, there 1s a problem 1n that the reinforcing heating
device becomes larger 1n size.

In the embodiment, as a result of configuring the third
operation member 83, on which one heater 3A 1s provided,
by the lever-shaped member that is driven to rotate around
the rotation support 83a, it 1s possible to reduce the entire
device 1n size.
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In the embodiment, for example, as shown 1n FIG. 4, FIG.
24 views (a) and (b) to FIG. 28 views (a) and (b) or the like
which will be described later, at least any of operation
members can be configured by a lever-shaped member that
rotationally moves around each of the rotation supports
parallel to the optical fiber 11 and the rotation shafts of the
sleeve 12, and each cam mechanism (the camshatt 7), and 1t
1s preferable 1 that the aforementioned eflect 1s easily
obtained.

In the examples shown 1 FIG. 24 views (a) and (b) to
FIG. 28 views (a) and (b), the first, the third, and the fourth
operation members 81, 83, and 84 are configured by the
lever-shaped member that rotationally moves around the
rotation supports parallel to the rotation shafts of the first,
the third, and the fourth cam mechanisms 71, 73, and 74,
respectively.

Furthermore, as shown i FIG. 4 as an example, 1t 1s
preferable that the camshaft 7 be configured to be arranged
among each rotation support that i1s mentioned that is
disposed and 1s disposed under the device, the paired right
and left clamps 2A and 2B that are disposed above the
device, the two heaters 3A and 3B, and the lid 10 1n that it
1s possible to further reduce the entire device 1n size.

In addition, the second force-applying member 42 that 1s
used to press one heater 3A can be configured by a coil
spring that 1s provided on the rotation support 83a of the
third operation member 83 which serves as a heater attach-
ment base shown 1n FIG. 18.

The third operation member 83 according to the embodi-
ment 1s pressed by the second force-applying member 42
formed of an elastic member or a magnetic member; how-
ever, 1n order to obtain a state in which a variation 1n a
pressing force depending on the third operation member 83
1s low, a compression coil spring having an overall length
longer than the movable stroke as described above 1s nec-
essary.

However, 1n the case of using a compression coil spring
having a long overall length, there 1s a problem 1n that the
entire device becomes larger in size.

In contrast, as a result of providing the second force-
applying member 42 formed of a coil spring on the rotation
support 83a as described above and utilizing a rotational
operation around the rotation support 83a, it 1s possible to
obtain a constant pressing force in a wide movable range,
and 1t 1s possible to reduce a reinforcing heating device 1n
S1ZE.

Additionally, in the embodiment, it 1s preferable that a coil
spring be used as the second force-applying member 42
pressing two heater units 3A and 3B, the mechanism grasp-
ing the optical fiber 11 1n the paired right and left clamps 2A
and 2B, and the force-applying member of the lid 10 (not
shown 1n the figure) as described above and that the above-
mentioned rotation support be on the same axis as that of the
coil spring 1n that it 1s possible to further reduce the entire
device 1n size.

Moreover, similar to the above-mentioned first embodi-
ment, one clamp 2A may also be driven by the same
mechanism as 1n the case of the above-described one heater
3A.

That 1s, 1n the configuration as shown 1n FIG. 4, by use of
the first cam mechanmism 71 1n accordance with the rotational
drive of the camshaft 7 by the motor 6, the fifth force-
applying member 45 formed of an elastic member or a
magnetic member (refer to FI1G. 29) can be operated to press
the optical fiber 1n the direction in which the paired right and
left clamps 2A and 2B sandwich and grasp the optical fiber
11 via the first operation member 81.
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As a result of allowing the openable-and-closable side of
the paired right and left clamps 2A and 2B to move by use
of the motor 6 serving as a power source as mentioned
above, eflects as described below can be obtained.

(1) Since the operations of opening and closing that were
conventionally and manually carried out by an operator are
automatically carried out, 1t 1s possible to speed up an
operation of heat shrinking the sleeve 12 using the reinforc-
ing heating device.

(2) Since 1t 1s not necessary for an operator to operate a
clamp with their finger, 1t 1s not necessary to design a clamp
to be a shape suitable for opening and closing the clamp with
human finger.

Conventionally, for example, protrusions which are not
shown 1n the figure and easily allow finger to pick them are
provided on clamps that are disposed at respective right and
lett sides 1n the longitudinal direction of the optical fiber, and
a space for finger 1s provided close thereto. Therefore, the
clamp was larger 1n size and the configuration thereof was
complicated.

According to the embodiment, as a result of automating

the operations of grasping, opening, and closing the paired
right and left clamps 2A and 2B, 1t 1s possible to reduce each
clamp 1n size.
(3) In order to carry out the operation using the reinforcing,
heating device, 1t 1s necessary to perform operations in the
sequence such that the clamp 1s closed after setting the
optical fiber, a tension 1s applied to the optical fiber, the
forward movable range and the backward movable range are
ensured, and the heat shrinkage 1s carried out by pressing the
heaters.

However, there 1s a possibility that an operator having a
low level of proficiency causes error in operation.

As described 1n the embodiment, as a result of automating
the pressing operation of one heater 3A and the operations
of grasping, opeming, and closing the paired right and left
clamps 2A and 2B, it i1s possible to prevent such error 1n
operation.

Furthermore, as described 1n detail in the embodiment, at
least any two or more of the cam mechanisms that are
provided on the same axis as that of the camshait 7 and are
rotationally driven, particularly, the first cam mechanism 71
and the third cam mechanism 73 are preferably configured
so that a rotating drive force by the motor 6 1s reduced by
determining a timing ol combining a positive driving that
needs a drive torque and a negative driving that receives a
torque.

As described above, several hundreds of gf 1s required as
a pressing force for pressing one heater 3A and a pressing
force of several hundreds of gf 1s also required to grasp the
optical fiber 11 by driving the openable-and-closable side of
the paired right and left clamps 2A and 2B.

In the case where, for example, the peaks of the above
driving and pressing timings (peak of the pressing force)
overlap, a force of a compression coil spring such as
represented by the following formula (heater of 500 gi+one
of the clamps of 250 gi+the other of the clamps of 250
ogf=1000 g1) works.

Furthermore, as mentioned above, 1 a case of driving
cach operation member by the rotary motion around each
rotation support, the required driving power Ifurther
Increases.

In addition, 1n the case where, for example, a distance
from each rotation support to a compression coil spring
forming each force-applying member 1s twice the distance
from the rotation support to each cam mechanism, it 1s
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necessary for a force of each cam mechanism to be twice the
force of the compression coil spring under the principle of
leverage.

As a result, the total of the force to drive the camshaft
increases to be 2000 gf, and there 1s a problem in that the
drive mechanism therefor becomes larger 1n size.

In the embodiment, FIGS. 19 and 20 are timing charts
(graph) that shows timings of operating the first cam mecha-
nism 71 that grasps and drives the openable-and-closable
side of the paired right and left clamps 2A and 2B and the
third cam mechanism 73 that drives one heater 3A, and the
charts describe an action and an eflect which compensate a
positive driving and a negative driving.

In FIGS. 19 and 20, the x-axi1s represents an angle of each
cam mechanism and the y-axis represents an amount of
extrusion in the direction of each force-applying member
(compression coil spring) from the rotational center of each
cam mechanism.

This means that, FIGS. 19 and 20 graphically illustrates
the case where, for example, each operation member carries
out the above-mentioned rotary motion around each rotation
support.

As shown 1n FIG. 19, 1n the case where the rotation of the
first cam mechanism that drives the clamps 1s in the range of
0 to 90°, an amount of extrusion of the cam mechanism
decreases.

Such operation means the process in which the clamps are
closed and the grasping operation 1s carried out.

In this section, a driving power 1s not necessary for the
cam mechanism, rather than, the force-applying member
formed of a compression coil spring facilitates the rotation
of the cam mechanism.

In this case, the force by which the compression coil
spring facilitates the rotation of the cam mechanism 1s 500
of that 1s twice the clamping force of 250 gf (the principle
of leverage).

When the clamps are closed and thereby grasp the optical
fiber, next, one of the heaters 1s closed.

In the chart shown 1n FIG. 19, the section 1n which the
rotation of the second cam mechanism allowing one of the
heaters to be driven 1s 90 to 180° represents the operation.

Thereafter, the second cam mechanism 1s stopped at the
second position ol 180°, and heating with respect to the
sleeve by two heaters 1s started.

When shrinkage of the sleeve 1s completed, the heating 1s
stopped.

Subsequently, 1n the range of 180 to 360° of the chart
shown 1n FIG. 19, one of the heaters and the openable-and-
closable side of the paired right and left clamps are simul-
taneously carry out a release operation; however, a driving,
power of 2000 gf 1s required for the camshatft.

Additionally, an open operation i1s slowly carried out 1n
consideration of reduction in the load to the drive mecha-
nism 1in the reinforcing heating device; however, if the
operation 1s excessively slow, there are problems 1n that the
sleeve (optical fiber) cannot be removed from the reinforc-
ing heating device and time for removal thereol becomes
longer.

The chart shown in FIG. 20 illustrates that a timing
(driving power) 1n the configuration in which the driving
power of the heater 1s inverted in order to reduce an
excessive driving power as shown 1n FIG. 19.

As shown 1 FIG. 20, 1n the range of 180 to 360° which
1s the problematic section i FIG. 19, the total driving
powers of one heater 3A (third cam mechanism 73) and the
openable-and-closable side of the paired right and leit
clamps 2A and 2B are cancelled each other, a torque 1s not
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necessary at least under the theoretical concept (practically,
the drive torque 1s not zero due to a Iriction between
members or the like).

As a result of adopting the constitution that allows the
torques of the mechanisms to be cancelled and to compen-
sate each other by partially inverting them as described
above, 1t 1s possible to reduce the drive mechanism 1n size
while reducing the drive torque, and therefore, it 1s possible
to reduce a reinforcing heating device 1n size.

Moreover, as shown 1n FIGS. 21 and 22 as an example 1n
the embodiment, a constitution that uses an auxiliary mov-
able lever may be adopted 1n order to mnvert the drive torque.

Particularly, for example, each operation member that
carries out the rotary motion around the rotation support as
mentioned above will be described below; however, it 1s not
limited to this, 1t may be applied to a slide drive system.

Heremaftter, a configuration shown m FIG. 21 will be

described.
(1) A compression coil spring 83D that 1s 1n a state of being
compressed 1s inserted between the third operation member
83 serving as a heater attachment base and an auxiliary
movement lever 83C.

The compression coil spring 83D creates a force so as to

separate the third operation member 83 from the auxiliary
movement lever 83C; however, since a contact portion 835
functions as a stopper, they are configured not to be sepa-
rated from each other over a set distance by the contact.
(2) That 1s, the third operation member 83 and the auxiliary
movement lever 83C are configured to coordinately move.
(3) Particularly, two springs serving as the compression coil
spring 83D and an auxiliary compression coil spring 83E are
provided in the drawing shown as an example. The spring
force of the auxiliary compression coil spring 83F 1s suili-
ciently weaker than that of the compression coil spring 83D
and only functions to press the auxiliary movement lever
83C onto the third cam mechanism 73.
(4) When the auxiliary movement lever 83C 1s driven by the
third cam mechanism 73, the third operation member 83
serving as a heater attachment base 1s coordinately driven.
(5) On the other hand, after the two heaters 3A and 3B comes
into contact with the sleeve 12, the third operation member
83 cannot move any more.

As a result, the third operation member 83 produces an
action ol contracting the compression coil spring 83D, the
force of the spring at this time creates the pressing force with
respect to the sleeve 12.

According to the above-described operation, when the
operation of closing one heater 3A 1s carried out, a drive
torque used to press them 1s necessary. When one heater 3A
1s opened, since the drive torque 1s not necessary (released),
it 1s possible to create a drive torque that 1s opposite to the
paired right and left clamps 2A and 2B.

More specifically, in the embodiment, 1n the constitution
including each cam mechanism as shown in FIG. 4, 1n at
least any of the cam mechanisms, particularly, in the first
cam mechanism 71 and the third cam mechanism 73, the
configuration shown 1n a schematic view (diagram) of FIG.
21 may be applied to each of the first operation member 81
and the third operation member 83.

That 1s, a configuration can be adopted i which an
auxiliary movable member (refer to reference numeral 83C
in FIG. 21) 1s disposed on the opposite side of the first
operation member 81 and the third operation member 83
with the camshait 7 interposed therebetween, each operation
member 1s coupled to the auxiliary movable member via an
clastic member or a magnetic member, a positive driving of
the rotary drive torque of each cam mechanism 1s inverted
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to a negative driving as a result of displacing the auxiliary
movable member instead of each operation member in
accordance with a motion of each cam mechanism, and
therefore, the positive driving and the negative driving are
combined and thereby diminished between the first cam
mechanism 71 and the third cam mechanism 73.

Because of this, there 1s no need to increase the driving
force of the motor 6, and 1t 1s possible to reduce the entire
device 1n size.

Additionally, for example, as shown i FIG. 22, even 1n
the case of using tension coil springs 83F and 83G as each
coil spring, the same eflfect as the aforementioned eflect 1s
obtained, and it 1s possible to further reduce the reinforcing
heating device in size.

Moreover, 1n the embodiment, as also described in the
first embodiment, 1t 1s preferable that a cam mechamism be
used to drive one heater 3A serving as an openable-and-
closable side and that a structure be driven by the third cam
mechanism 73 as shown 1n FIG. 4, 6, or the like.

Furthermore, 1n this configuration, it 1s possible to further
reduce the entire device 1n size by arranging the third cam
mechanism 73 at the position between the rotation support
and one heater 3A.

In addition, 1n the embodiment, similar to the case of the
aforementioned one heater 3A, a configuration may be
adopted which allows the openable-and-closable side of the
paired right and left clamps 2A and 2B to be driven to rotate
around the rotation support.

In the first embodiment, the paired right and left clamps
2A and 2B which are described with reference to FIG. 6 or
the like uses a slide movable system. However, balance of
the first point of action at which the clamps 2 presses the
optical fiber 11, the second point of action at which the
clamps 2 presses the driving body (the first cam mechanism
71), and the point of efiort at which the fifth force-applying
member (refer to reference numeral 45 1 FIG. 29) presses
the clamps varies with conditions.

Because of this, a force 1s easy to work 1 a direction
(torsion) 1n which the clamp attachment base 1s inclined. If
a slide guide function having a resistance to torsion or a
member such as a linear bearing i1s not provided on a clamp
movable mechanism, the movement of the attachment base
does not become smooth. In the case of usmg the above-
described mechanism or the member, there 1s a problem 1n
that the remnforcing heating device becomes larger 1n size.

In the embodiment, as a result of configuring the open-
able-and-closable side of the paired right and left clamps 2A
and 2B by a lever-shaped member that rotationally moves
around the rotation support, 1t 1s possible to reduce the entire
device 1n size.

Moreover, 1n the embodiment, as also described in the
first embodiment, 1t 1s preferable that a cam mechamism be
used to drive the openable-and-closable side of the paired
right and left clamps 2A and 2B and that a structure be
driven by the first cam mechanism 71 as shown 1n FIG. 4,
29, or the like.

Furthermore, 1n this configuration, it 1s possible to further
reduce the entire device 1n size by arranging the first cam
mechanism 71 at the position between the rotation support
and the paired right and left clamps 2A and 2B.

Additionally, as shown 1n FIG. 29, the fifth force-applying
member 435 that 1s used to grasp the optical fiber 11 by use
of the paired right and left clamps 2A and 2B may also be
configured by an elastic member such as a coil spring that 1s
provided at the rotation support 81a of the first operation
member 81 serving as a clamp attachment base.
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The first operation member 81 (clamp attachment base) to
which the openable-and-closable side of the paired right and
left clamps 2A and 2B 1s attached as shown in FIG. 4 or 29
1s pressed by the fifth force-applying member 45 formed of
an elastic member or a magnetic member; however, 1n order
to obtain a state 1n which a variation 1 a pressing force
depending on the first operation member 81 serving as a
clamp attachment base i1s low, a compression coil spring
having an overall length longer than the movable stroke as
described above 1s necessary.

However, 1n the case of using a compression coil spring
having a long overall length, there 1s a problem 1n that the
entire device becomes larger 1n size.

In contrast, as a result of providing the {ifth force-
applying member 45 formed of a coil spring on the rotation
support 8la as described above and utilizing a rotational
operation around the rotation support 81a, 1t 1s possible to
obtain a constant pressing force in a wide movable range,
and 1t 1s possible to reduce a reinforcing heating device 1n
S1ZE.

Also, 1n the embodiment, a structure can be adopted
which allows the openable-and-closable side of the paired
right and left clamps 2A and 2B and one heater 3A to be
driven by the motor 6 that 1s the same drive source.

As mentioned above, as each clamp which 1s the open-
able-and-closable side 1s operated by utilizing the motor 6
that serves as a drive source common to one heater 3A, one
drive source mounted thereon as a device 1s only required,
and therefore, 1t 1s possible to reduce a reinforcing heating
device 1n size.

Furthermore, in the embodiment, a structure can be
adopted 1n which, as a result of driving the first to third cam
mechanisms 71, 72, and 73 by the motor 6 serving as the
same drive source, one clamp 2A 1s operated to apply a
tension to the optical fiber 11.

Moreover, 1n the embodiment, as shown in FIG. 4 as an
example, a structure can be adopted which allows the
openable-and-closable side of the paired right and left
clamps 2A and 2B and one heater 3A to be driven by the
respective cam mechanisms that are provided on the com-
mon camshait 7 and on the same axis.

In such case, as shown as an example 1n the drawing, as
a result of arranging two first cam mechanisms 71 that are
used to drive the openable-and-closable side of the paired
right and left clamps 2A and 2B and two third cam mecha-
nisms 73 that are used to drive one heater 3A on one
camshatt 7, eflects as described below can be obtained.
(1) Since one camshait can drives all of movable bodies, a
driving member that 1s disposed 1nside each drive unit or a
connection member that links the driving members of the
units 1s not necessary.

Accordingly, 1t 1s possible to reduce a reinforcing heating
device 1n size.

(2) As aresult of varying the phases of the cam mechanisms,
it 1s possible to control the sequence of opening and closing
the clamp by use of slight one member.

Accordingly, 1t 1s possible to reduce a reinforcing heating
device 1n size.

Additionally, 1n the embodiment, the forward movement
stopper or the backward movement stopper of one clamp 2A
can be driven by the motor 6 serving as a drive source.

As described above, as a result of allowing at least one of
the paired right and left clamps 2A and 2B to be movable in
the longitudinal direction of the optical fiber 11 and as a
result of driving the second cam mechanism 72 serving as a
backward movement stopper via the camshait 7 by the
motor 6, effects as described below can be obtained.
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(1) Since it 1s not necessary for an operator to operate the
forward movement stopper or the backward movement
stopper to be retracted with their finger, 1t 1s not necessary
to design them to be a shape suitable for opening and closing
them with human finger. 5

That 1s, since the retraction mechanism can be accommo-
dated 1 the device without necessary to expose it to the
surface thereoft, 1t 1s possible to reduce a reinforcing heating
device 1n size.

(2) In order to carry out the operation using the reinforcing 10
heating device, it 1s necessary to perform operations 1n the
sequence such that the clamp 1s closed after setting the
optical fiber, a tension 1s applied to the optical fiber, the
forward movable range and the backward movable range are
ensured, and the heat shrinkage 1s carried out by pressing the 15
heaters.

However, there 1s a possibility that an operator having a
low level of proficiency causes error 1n operation.

As described 1n the embodiment, as a result of automating
the operation of retracting the forward movement stopper or 20
the backward movement stopper, 1t 1s possible to prevent
such error in operation.

Furthermore, 1n the embodiment, 1n addition to the open-
able-and-closable side of the above-mentioned paired right
and left clamps 2A and 2B and one heater 3A, the second 25
cam mechamsm 72 serving as the aforementioned backward
movement stopper or a forward movement stopper which 1s
not shown 1n the figure may be configured to be movable by
the motor 6 that i1s the same drive source.

As stated above, as each clamp 1s operated by utilizing the 30
openable-and-closable side of the paired right and left
clamps 2A and 2B or the motor 6 that serves as a drive
source common to one heater 3A, one drive source mounted
thereon as a device 1s only required, and therefore, it 1s
possible to reduce a reinforcing heating device 1n size. 35

Moreover, as shown 1n FIG. 4 as an example, a structure
can be adopted which allows the openable-and-closable side
of the paired right and left clamps 2A and 2B, one heater 3 A,
and each stopper to be driven by the respective cam mecha-
nisms that are provided on the common camshait 7 and on 40
the same axis.

In the drawing shown as an example, as a result of
arranging two first cam mechanisms 71 that are used to drive
the openable-and-closable side of the paired right and left
clamps 2A and 2B, two third cam mechanisms 73 that are 45
used to drive one heater 3A, and the second cam mechanism
72 serving as a backward movement stopper on one cam-
shaft 7, effects as described below can be obtained.

(1) Since one camshait can drives all of movable bodies, a
driving member that 1s disposed 1nside each drive unit or a 50
connection member that links the driving members of the
units 1s not necessary.

Accordingly, it 1s possible to reduce a reinforcing heating
device 1n size.

(2) As a result of varying the phases of the cam mechanisms, 55
it 1s possible to control the sequence of opening and closing
the clamp by use of slight one member.

Accordingly, 1t 1s possible to reduce a reinforcing heating
device 1n size.

As remarked above, according to the reinforcing heating 60
device of the embodiment, since it 1s only necessary that one
camshaft 7 that 1s properly adjusted to the remnforcing
heating device 1s designed, improvements in reduction in the
reinforcing heating device in size can be achieved, 1t 1s
possible to reduce the size of the reinforcing heating device. 65

Furthermore, in the embodiment, a constitution may also
be adopted which includes: the 11d 10 that 1s used to open and
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close the reinforcing heating device; the sixth force-applying
member 46 that applies a force of closing the lid 10 by use
of one of an elastic member and a magnetic member thereto;
the fourth cam mechanism 74 that 1s provided on the
camshaft 7 on the same axis as those of the first to third cam
mechanisms 71 to 73 or 1s disposed on the other camshaft
(not shown 1n the figure) parallel to the camshaft 7; and a
fourth operation member 84 that serves as a mechanism
operating the applied force of the sixth force-applying
member 46 to close the lid 10 1n accordance with the
displacement of the fourth cam mechanism 74.

Consequently, the same motor 6 can be configured to
allow the atorementioned each force-applying member to
operate the paired clamps 2A and 2B, the heater 3, and the
lid 10 by the first to fourth cam mechanisms 71 to 74.

In this case, a configuration may also be adopted which
carries out operations of opening and closing the lid 10 by
displacing the fourth cam mechanism 74 with respect to the
fourth operation member 84 via an elastic member such as
a spring, a rubber, or a sponge, or a magnetic member such
as a permanent magnet, or an electromagnet.

The effect described below 1s obtained by adopting the
above-described configuration.

(1) Even 1n the case where the reinforcing heating device 1s
not in use for a predetermined time, as a result of closing the
l1d, there 1s no possibility that rain water or the like does not
enter the 1nside of the device.

(2) Even 1n the case where the reinforcing heating device 1s
not in use for a predetermined time, as a result of closing the
l1d, there 1s no possibility that dust, powder or the like do not
enter the inside of the device.

(3) As the Iid 1s closed with the start of the heating, it 1s
possible to prevent an operator finger from being errone-
ously 1n contact with the inner heater and from being bum.

Particularly, the above-described the 1id 10 1s preferably
made of a transparent material so that 1t i1s possible to
visually check a progress of shrinkage of the sleeve 12
during heating.

Moreover, different {from the case of the camshaift 7, it 1s
not necessary for the rotation support axis of each operation
member 1n the above-description to be common (on the
same axis) to all operation members.

Furthermore, 1t 1s not necessary for all operation members
to rotationally move around the rotation support, and one of
them 1s adequately selected and can be operated.

Additionally, in the embodiment, the paired right and left
clamps 2A and 2B, the alorementioned one heater 3A, the
backward movement stopper or the forward movement
stopper, the lid 10, or the like can be driven by use of the
motor 6 as a common drive source and by the respective cam
mechanisms that 1s provided on one camshait 7.

That 1s, the configuration can be adopted 1n which, the
paired right and left clamps 2A and 2B 1s driven by the motor
6 serving as a common drive source so as to grasp the optical
fiber 11, one clamp 2A 1s driven so as to apply a tension to
the optical fiber 11, furthermore, one heater 3A 1s driven so
as to sandwich and press the sleeve 12, and additionally, the
operations of opening and closing the lid 10 are carried out.

As mentioned above, as a result of causing one motor 6
to carry out all functions, 1t 1s possible to reduce the entire
reinforcing heating device 1n size.

In addition, as the above-mentioned mechanism is driving,
by one camshait 7, a driving member that 1s disposed inside
cach drive mechanism or a connection member that links the
mechanisms 1s not necessary, and theretfore, 1t 1s possible to
reduce the entire device 1n size.
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Furthermore, as shown i FIG. 28 views (a) and (b), a
semidisc 91 A and a photo sensor 91B that are used to detect

a rotational position of the camshaft 7 1s provided near the
third cam mechamsm 73.

Moreover, 1n the example shown in FIG. 4, all operation
members are configured of a lever-shaped member that 1s
driven to rotate around each rotation support.

Moreover, a torsion coil spring 1s used as an elastic
member 46 that 1s used to open and close the 1id 10 or the
fifth force-applying member 435 (refer to FIG. 29) that 1s
used to open and close the paired right and left clamps 2A
and 2B, a double torsion spring 1s used as the second
force-applying member 42 that 1s used to open and close one
heater 3A, and additionally, a compression coil spring 1s
used as the first force-applying member 41 that applies a
tension to the optical fiber 11 of one clamp 2A in the
longitudinal direction thereof.

Here, FIG. 23 1s a front view showing the reinforcing
heating device 1 according to the embodiment, cross-section
lines A-A to E-E shown 1 FIG. 23 shows cross-sectional
positions of cross-sectional views shown 1n FIG. 24 views
(a) and (b) to FIG. 28 views (a) and (b), respectively.

Consequently, FIG. 24 to FIG. 28 shows states 1n which
cach operation 1s carried out at the position of each portion
described below.

(1) A-A (FIG. 24 views (a) and (b)): operation of opening
and closing one heater 3A by use of the third cam mecha-
nism 73.

(2) B-B (FIG. 25 views (a) and (b)): operation of opening
and closing one clamp 2A by use of the first cam mechanism
71.

Since one clamp 2A 1s configured to be able to slide 1n the
longitudinal direction of the optical fiber 11, the position of
the rotation support 81a 1s at a high level in the example
shown 1n FIG. 25 views (a) and (b).

(3) C-C (FIG. 26 views (a) and (b)): operation of opening
and closing the other clamp 2B by use of the first cam
mechanism 71.

(4) D-D (FIG. 27 views (a) and (b)): operation of opening
and closing the lid 10 by use of the fourth cam mechanism
74.

(5) E-E (FIG. 28 views (a) and (b)): operation of opening
and closing one heater 3A by use of the third cam mecha-
nism 73.

In FIG. 28 views (a) and (b), a semidisc 91A and a photo
sensor 91B that are used to detect a rotational position of the
camshaift 7 1s provided in front of the third cam mechanism
73.

As shown 1n FIG. 24 views (a) and (b) to FIG. 28 views
(a) and (b), 1t 1s understood that since each operation
member 1s driven by each cam mechanism that i1s provided
on the camshaitt 7, each of the openable-and-closable side of
the paired right and left clamps 2A and 2B, one heater 3A,
the Iid 10, or the like 1s driven at a predetermined timing.

Other Modified Example

Hereinbelow, the other modified example of the embodi-
ment will be described.

In the embodiment, in the aforementioned configuration
shown 1n FIG. 4 or the like, constitution may be adopted
which includes a position limiting member that 1s used to
limit the forward movable range Z of (refer to FIG. 6) or the
backward movable range K (refer to FIG. 6) of at least one
of the paired right and left clamps 2A and 2B and 1is
configured by a forward movement stopper or a backward
movement stopper.
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This position limiting member limits, for example, the
forward movable range or the backward movable range of
the fixed-side clamp.

This position limiting member has a function of adjusting,
a tension that 1s applied to the optical fiber 11 to be 1n an
adequate range.

Furthermore, a constitution may also be adopted which
includes: the fifth cam mechanism (not shown 1n the figure)
that 1s disposed on the camshait 7 on the same axis as those
of the first to third cam mechanisms 71 to 73 or 1s disposed
on the other camshaift (not shown 1n the figure) parallel to the
camshaft 7 and 1s rotationally driven by control of the motor
6; and a mechanism that controls the displacement of the
fifth cam mechanism so as to cause the position limiting
member configured by the above-described forward move-
ment stopper or the backward movement stopper to move,
wherein the same motor 6 drives the clamps 2A and 2B
(1including a mechanism operates to pull them), the heater 3,
and the alorementioned position limiting member by use of
the first to third cam mechanisms 71 to 73 and the fifth cam
mechanism (not shown 1n the figure).

In the embodiment, a constitution may also be adopted
which includes: a second cam mechanism that 1s disposed on
the camshait 7 on the same axis as those of the first and third
cam mechanisms 71 and 73 or 1s disposed on the other
camshaft parallel to the camshait 7; and a mechanism that
controls the displacement of the second cam mechanism so
as to cause the position limiting member configured by the
above-described forward movement stopper or the back-
ward movement stopper to move.

The second cam mechanism is rotationally driven by, for
example, control of the motor 6.

In the embodiment, a constitution may also be adopted 1n
which the same motor 6 controls movement of the clamps
2A and 2B and the heater 3 by use of the first cam
mechanism 71, the third cam mechanism 73, and the second
cam mechanism and by the fifth and second force-applying
member, and furthermore, the same motor controls move-
ment of a tension mechanism (a mechanism applies a
tension to an optical fiber) by use of the second cam
mechanism and by the above-mentioned position limiting
member.

Additionally, 1n the aforementioned configuration, a con-
stitution may also be adopted which further includes: the
first force-applying member 41 that 1s used to limit the
forward movable range 7 or the backward movable range K
of at least one of the paired right and left clamps 2A and 2B
or a third force-applying member (not shown 1n the figure)
that applies a tension 1n an opposite direction relative to the
first force-applying member; the sixth cam mechanism (not
shown 1n the figure) that 1s disposed on the camshait 7 on the
same axis as those of the first to third cam mechanisms 71
to 73 or 1s disposed on the other camshatt (not shown 1n the
figure) parallel to the camshaft 7 and 1s rotationally driven
by control of the motor 6; and a mechanism (applied force
controller) 1n which the displacement of the sixth cam
mechanism controls the applied force of the first force-
applying member 41 or the third force-applying member to
be stronger or to be weaker, wherein the same motor 6
controls a mechanism (applied force controller) that controls
the clamps 2A and 2B (including a mechanism pulls them),
the heater 3, and the first or third force-applying member 41
or 43 by use of the first to third cam mechanisms 71 to 73
and the sixth cam mechanism (not shown 1n the figure).

Moreover, 1n the aforementioned configuration, a consti-
tution may also be adopted which includes: the first force-
applying member 41 or the third force-applying member
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(not shown i the figure) which applies a tension to the
optical fiber 11; the above-mentioned second cam mecha-
nism (not shown in the figure); the above-described sixth
cam mechanism (not shown in the figure); a mechanism 1n
which the displacement of the second cam mechanism
controls a tensile of the optical fiber 11 which 1s due to a
pulling force of the first force-applying member 41; and an
applied force controller that controls the displacement of the
sixth cam mechanism to make the applied force of the first
force-applying member or the third force-applying member
stronger or an applied force controller that controls them to
make 1t weaker.

In this case, it 1s preferable that the same motor 6 control
the clamps, the tension mechanism, the heaters, and the
applied force controller by use of the first to third cam
mechanisms and the sixth cam mechanism.

The reinforcing heating device shown in FIG. 45 1s
different from the reinforcing heating device shown in FIGS.
6 to 11 1n that the sixth cam mechanism 76 1s provided, the
torce-applying mechanism 41 (first force-applying member)
and force-applying mechanism 43 (third force-applying
member) are provided, and a movable rear wall 131 1s
provided.

The sixth cam mechamism 76 1s formed 1n a disk-shape so
as to be inclined with respect to the surface perpendicular to
the camshaft 7.

The sixth cam mechanism 76 1s inclined with respect to
the surface perpendicular to the camshatt 7, for example, at
an angle greater than 0° and less than 90°.

The movable rear wall 131 1s provided at the position
opposed to the rear surface of the clamp 2A (fixed-side) and
1s movable 1n the front-back direction (horizontal direction
in the drawing).

The movable rear wall 131 may be configured to be
movable by the slide mechanism 21 or the like.

A recess 1315 mto which a bottom 76a of the sixth cam
mechanism 76 1s 1nserted 1s formed on the upper face 1314
of the movable rear wall 131.

For this reason, the movable rear wall 131 1s located at the
position depending on the position in the front-back direc-
tion (horizontal direction in the drawing) of the bottom 764
of the sixth cam mechanism 76.

For example, 1n the case where the bottom 764 of the sixth
cam mechanism 76 1s close to the clamp 2A, the movable
rear wall 131 also comes close to the clamp 2A (refer to FIG.
45). In the case where the bottom 76a of the sixth cam

mechanism 76 1s far from the clamp 2A, the movable rear
wall 131 1s also located far from the clamp 2A at a large
distance (refer to FI1G. 46).

The force-applying mechanism 43 (third force-applying
member) includes force-applying members 43a and 435
which are provided at the rear-edge face of the fixed-side
2Aa of the clamp 2A and the front surface of the movable
rear wall 131, respectively.

The force-applying members 43a and 435 are magnetic
members such as a permanent magnet or an electromagnet
and have the same magnetic pole as each other.

In the drawing shown as an example, both the force-
applying members 43a and 435 have a south polarnity.

The force-applying mechanism 43 presses the clamp 2A
by a repulsive force between the force-applying members
43a and 435 and adjusts a tension to be applied to the optical
fiber 11.

The force-applying mechanism 41 (first force-applying
member) includes force-applying members 41a and 415
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which are provided at a front-edge face of a fixed-side 2Aa
of the clamp 2A and the heater attachment base 31B,
respectively.

The force-applying members 41a and 415 have the same
magnetic pole as each other.

Both the force-applying members 41a and 415 shown 1n
the drawing as an example have a north polarity.

In the state shown in FIG. 45, the clamps 2A and 2B and
the heaters 3A and 3B are opened by pressure of the first cam
mechanism 71 and the third cam mechanism 73, respec-
tively.

Since the sixth cam mechanism 76 1s inclined so as to
have an orientation such that, as 1t approaches the movable
rear wall 131, 1t approaches the clamp 2A, the bottom 76a
1s located near the clamp 2A.

Accordingly, the movable rear wall 131 1s located adja-
cent to the clamp 2A.

Since the movable rear wall 131 1s close to the clamp 2A,
a force 1n a direction of approaching the heater attachment
base 31B (the nght direction 1n the drawing) 1s applied to the
clamp 2A due to a repulsive force between the force-
applying members 43a and 435.

Also, a force 1n a direction away from the heater attach-
ment base 31B (the left direction 1n the drawing) 1s applied
to the clamp 2A due to a repulsive force between the
force-applying members 41a and 415.

As shown 1n FIG. 46, the first cam mechanism 71 1s
displaced 1n accordance with the rotation of the camshait 7,
the openable-and-closable side 2Ab of the clamp 2A moves
in a direction of approaching the fixed-side 2Aa, and the
openable-and-closable side 2Ab and the fixed-side 2Aa
thereby grasps the optical fiber 11.

Furthermore, the heater attachment base 31 A comes close
to the heater attachment base 31B 1n accordance with the
displacement of the third cam mechanism 73, the sleeve 12
1s sandwiched between the heaters 3A and 3B, and the sleeve
12 1s heat-shrunk.

At this time, since the sixth cam mechanism 76 1s inclined
s0 as to have an orientation such that, as 1t approaches the
movable rear wall 131, 1t 1s farther from the clamp 2A, the
movable rear wall 131 moves to the position far from the
clamp 2A at a large distance.

Consequently, the repulsive force between the force-
applying members 43a and 435 becomes weaker; however,
the repulsive force between the force-applying members 41a
and 415 does not significantly change, and therefore, a
tension that 1s applied to the optical fiber 11 increases by the
clamp 2A.

As shown 1n FIG. 45, when the camshaft 7 further rotates,
the heater attachment base 31A moves 1n a direction away
from the heater attachment base 31B by the third cam
mechanism 73, the sleeve 12 i1s released, the openable-and-
closable side 2Ab of the clamp 2A moves 1n a direction away
from the fixed-side 2Aa by the first cam mechanism 71, and
the grasping of the optical fiber 11 1s released.

The first force-applying member 41 may have a function
of limiting, for example, the forward movable range Z or the
backward movable range K the clamp of the fixed-side (or
openable-and-closable side) of at least one of the paired
right and left clamps 2A and 2B.

The second cam mechamsm may be disposed on, for
example, the camshaft 7 on the same axis as those of the first
and third cam mechanisms 71 and 73 or 1s disposed on the
other camshaft (not shown in the figure) parallel to the
camshaft 7.

The second cam mechanism may have a structure that 1s
rotationally driven by control of the motor 6.
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In the embodiment, a constitution may also be adopted in
which the same motor 6 controls movement of the clamps
2A and 2B and the heater 3 by use of the first and third cam
mechanisms 71 and 73, and the second cam mechanism and
by the fifth and second force-applying member, and further-
more, the same motor controls movement of a tension
mechanism (a mechanism applies a tension to an optical
fiber) by use of the second cam mechanism and by the first
torce-applying member or the third force-applying member.

As described above, as a result of adopting the configu-
ration that can move each force-applying member for adjust-
ing a tension to be applied to the optical fiber 11, 1t 1s
possible to properly adjust the tension with a downsized
configuration.

Moreover, 1n the aforementioned configuration, a consti-
tution may also be adopted which further limits a forward
movable range or a backward movable range of at least one
of the paired right and left clamps.

Even i the case of adopting the above-described any
configurations, an eflect that it 1s possible to reduce the
entire reinforcing heating device 1n size 1s conspicuously
obtained.

(Action and Effect)

According to the optical-fiber-spliced portion reinforcing
heating device of the second embodiment according to the
invention in the above description, since a constitution 1s
provided which utilizes the motor 6 that 1s the same drive
source and drives the paired right and left clamps 2A and 2B,
one heater 3A, the 1id 10, or the like by each cam mechanism
that 1s provided on the same axis, it 1s possible to reduce the
entire reinforcing heating device 1n size.

Moreover, similar to the aforementioned first embodi-
ment, when the sleeve 12 1s sandwiched between two heaters
3A and 3B and 1s heat shrunk, breaking of the optical fiber
11 or degradation in long-term reliability thereof 1s pre-
vented by releasing an excessive tension that is to be applied
to the optical fiber 11, and a device 1s prevented from being,
larger 1n size.

Consequently, 1t 1s possible to heat-shrink the sleeve 12 in
a shorter amount of time with a high level of reliability, and
an optical-fiber-spliced portion reinforcing heating device 1
having a high level of handleability can be realized.

In addition, the technical scope of the invention i1s not
limited to the above embodiments, and various modifica-
tions may be made without departing from the scope of the
invention.

For example, in the aforementioned embodiments, the
fifth force-applying member 45 1s used in both the paired
clamps 2A and 2B; however, the fifth force-applying mem-
ber 45 may be used 1n only one of the clamps 2A and 2B
(that 1s, one side).

Additionally, 1n the above-mentioned embodiments, two
heaters 3 (3A, 3B) are used; however, the number of heaters
may be three or more.

What 1s claimed 1s:

1. An optical-fiber-spliced portion reinforcing heating
device comprising:

paired clamps that respectively grasp one portion and the

other portion of a coated portion of an optical fiber, the
optical fiber including a fusion-spliced portion, the
fusion-spliced portion being coated with a sleeve, the

coated portion being exposed from the sleeve;
at least two or more heaters that are arranged to face each

other so as to sandwich the sleeve:
a {irst force-applying member that presses at least one of
the paired clamps so as to apply a tension to the optical

fiber; and
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a second force-applying member that applies a pressing
force to at least one or more of the heaters via the sleeve
by use of one of an elastic member and a magnetic
member 1n accordance with control of a drive source,
the heaters being arranged to face each other with the
sleeve interposed therebetween, wherein

a pressing force that 1s to be applied to the sleeve by the
second force-applying member 1s set to be greater than
a tension that 1s to be applied to the optical fiber by the
first force-applying member,

betfore the optical fiber 1s grasped, 1n a state 1n which one
of the paired clamps 1s separated from heaters by the
first force-applying member and 1n a state 1n which the
paired clamps grasp the optical fiber and a tension 1s not
applied to the optical fiber,

the heaters press the sleeve by a pressing force by the
second force-applying member, as a result of moving
the optical fiber 1n a pressing direction which 1s due to
movement of the sleeve or deformation of the sleeve
after starting of the press, one of the paired clamps 1s
drawn to a forward movement direction by a tension
due to movement of the optical fiber, one of the paired
clamps 1s configured so as to be stopped at a position
away from an end of a movable range,

therefore, 1n a state 1n which a tension 1s applied to the
optical fiber, 1n one of the paired clamps, a backward
movable range 1n a direction away from the heaters in
the longitudinal direction of the optical fiber 1s ensured
and a forward movable range that allows movement to
the heater side 1s ensured, and one of the paired clamps
1s thereby configured to move 1n a direction 1n which a
tension that 1s applied to the optical fiber as a result of
pressing the sleeve by the heaters and by the second
force-applying member 1s diminished.

2. The optical-fiber-spliced portion reinforcing heating

device according to claim 1, wherein

both the paired clamps are movable back and forth in the
longitudinal direction of the optical fiber.

3. The optical-fiber-spliced portion reinforcing heating

device according to claim 1, wherein

one of the heaters that are arranged so as to face each other
with the sleeve mterposed therebetween 1s movable and
the other of the heaters 1s fixed.

4. The optical-fiber-spliced portion reinforcing heating

device according to claim 1, wherein

a pressing force that 1s to be applied to the sleeve by the
heaters exceeds the tension of the fusion-spliced por-
tion of the optical fiber under a rupture evaluation test.

5. The optical-fiber-spliced portion reinforcing heating

device according to claim 1, wherein

pressing faces of the heaters which face each other with
the sleeve interposed therebetween are arranged 1n a
substantially vertical direction, a tensile strength mem-
ber 1s consistently arranged 1n a substantially down-
ward direction by utilizing a weight of the tensile
strength member that 1s 1nserted into the inside of the
sleeve, and the direction of the sleeve 1s thereby con-
stant.

6. The optical-fiber-spliced portion reinforcing heating

device according to claim 1, wherein

alter heating of the sleeve 1s completed, the heaters are
immediately separated from the sleeve, heat-transter to
the sleeve 1s interrupted, and the sleeve 1s thereby
rapidly cooled by introduction of external air into the
periphery of the sleeve.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

